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End patient distractions 


Examine the peripheral field 


With Jenkel-Davidson’s new Harrington “*Black-Light’’ 
Perimeter only the fixation target and test object are 
visible to your patient. All objectionable distractions are 
eliminated. Complete darkness is not required, thus 

the patient’s fixation and reactions can be constantly 
observed. Examinations can be more easily and 
accurately performed. Even a ‘4 m/m object can be 
quickly detected by the patient when the 

Harrington “* Black-Light’’ Perimeter is used. 


Write for information about the development and 
use of the Harrington “‘Black-Light’’ Perimeter with 
**Lumitest’’ Objects. Or ask your dispensing 
optician about this remarkable new equipment. 


“BLACK-LIGHT” PERIMETER 


@ No special examination room necessary 
@ Portable « easily stored 
@ Mounted on adjustable stand 


only $250 


including test objects 


Write to Jenkel-Davidson for “‘Perimetry with Ultra- 
Violet (Black) Light and Luminescent Test Objects,’’ a 
preliminary report by David O. Harrington, M.D., as 
presented to the American Academy of Ophthalmology 
Meeting in Chicago, October, 1952. 
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... the Cataract Bifocal...as good to look at...as it is good to look through 


Fused Lenticular Panoptik 


Optical performance and cosmetic ap- 
pearance are mutual considerations to 
the practitioner who seeks to give satis- 
faction and peace-of-mind to the post- 
Operative cataract patient. From both 
standpoints, the Panoptik Lenticular 
Cataract bifocal provides a new standard 
of excellence. Lighter in weight, thinner 
in construction and with front curves 
resembling normal prescriptions, this 
design is greatly superior in appearance 
to earlier cataract lenses. Optically, it 


Meijer Lens: Special Nokrome 
Crown glass. (Pius-power in the len- 
ticuler edge, weaker, 


allows patient 
tien of form in 


Lenticular Field: Special 
high index barium gloss. 


Bifocal Segment: Same high 
index glass as lenticular field. 


offers a wide reading field at normal 
reading level. Great flexibility is afforded 
in placement of optical centers. Flexi- 
bility, too, in base curves—bi-convex, 
plano base or — 3.00 base—can be pro- 
duced from the same blank. This facili- 
tates service from the laboratory—a 
single pair of blanks, in each of the 
called-for reading additions, constitutes 
a stock from which any aphakic pre- 
scription can be made. 

In Soft-Lite, too 


Cross-section comparison of Panoptik Fused Lenticu- 
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double protection 
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eye disease... 


OPHTHALMIC 
OINTMENT OF 


Corneal Burn (as visualized by slit lamp) 


BACITRACIN 


ACETATE 
(CORTISONE ACETATE, MERCK) 


Ophthalmic Ointment of Cortone Acetate with 
BACITRACIN controls both the symptoms and the 
cause of many ocular diseases. In certain inflam- 
matory conditions of the anterior segment of the eye, 
this ointment serves to 

@ promptly subdue tissue inflammation 

e safeguard vision 

e destroy or inhibit susceptible causative bacteria 

e reduce the possibility of secondary infection 

e shorten morbidity 

SUPPLIED: Ophthalmic Ointment of CorToNe Acetate with 


BACITRACIN. Each gram = 15 mg. Cortone and 1,000 
units BACITRACIN. 3.5-Gm. tubes. 


Cortone ts the registered ME RCK & CcCo., INC. 
trade-mark of Merch & Co., Inc. Manufacturing Chemists 
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allen type 
muscle cone 
implant 


A buried Hemispherical Implant employing tunnels for 
retention of recti muscles. Made of clear Polished Methy! 
Methacrylate in two sizes. This implant has 
been used extensively since 1946. 


Surgical Technique included. 


ougelman 
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(cortisone acetate) 


Ophthalmic 


FINE SUSPENSION—NONIRRITATING 
¢ microcrystalline cortisone * superior dispersing qualities 
¢ uniform, accurate dosage 


UNIQUE STERILE CONTAINER 


* initial sterility assured * contamination curtailed 


Cortocen® Acetate (cortisone acetate-Schering) Ophthalmic 
Suspension-Sterile, 0.5% and 2.5%, in 5 cc. dropper bottles. 
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ASTHENOPIA 

HEADACHES 
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READING DIFFICULTY 
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NERVOUSNESS 

INCORRECT SPATIAL LOCALIZATION 


PRODY 
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WILL 


PRESCRIPTION? 
IF your patient reports the above symptoms and normal refractive 
procedures fail to reveal the cause... or 
IF the patient's refractive Rx is anisometropic . . . or 


IF the patient reports more comfort with monocular vision . . . 


THEN an examination for aniseikonia may be indicated. 


The compact AO Space Eikonometer quickly and 
accurately measures horizontal, vertical, and oblique 
size differences between the two ocular images. This 
information, combined with the refractive Rx forms the 
iseikonic prescription. 

Is detection and treatment of this disturbing eye 
condition available to your patients? If not, you will find a 
discussion of Space Eikonometry with your AO 
Representative both enlightening and profitable. 
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Y If you think of it tonight, just look around your own 
living room. You'll be amazed to note how many “arm’s length” jobs 
there are! Yet many bifocal wearers are receiving only two-thirds of the help they need. 
z Are they “really living?” 
On the other hand, for presbyopes fitted with Univis Continuous Vision Lenses, 
: the problem doesn’t even exist. For the lady of the house who does the work in the 


: living room, and for the breadwinner who relaxes there, visual requirements are 
met comfortably and naturally with Univis CVs, thanks to the prescribing doctor or dispenser. 
More than a million people enjoy comfortable, full-field vision with the lenses now known 
as CVs. The Univis CVs you prescribe are insured and guaranteed through 
your Univis laboratory. 
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For Accurate Diagnosis and More Satisfactory Treatment 


The novel design of the Asher-Law Stereoscope incorporates all the 


features necessary in theory and sufficient to practice for an effective 
stereoscope. 


With this stereoscope the operator can control: 
Accommodation only 
© Convergence only 


© Accommodation and convergence in any desired relation, normal 
or abnormal. 


4 KEELER OPTICAL PRODUCTS, INC. 


617 S. 52nd St., Philadelphia 43, Pa. 
GRANITE 4-5310 
Write or telephone for most up-to-date Brochures. 
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The Magnet that has THE BIGGEST “PULL.” 
The Magnet that allows you 
to SEE WHAT IS HAPPENING. 


The Philps 
Giant 
Magnet 


MADE BY 
HAMBLINS of 


ENGLAND 


Some other points 
© Applicators readily removed for sterilizing. 


¢ Four different shaped applicators pro- 
vided. 


® Magnet counter-balanced for feather 
touch. 


© Locks on all movements. 


High and ‘THEODORE 
low powers HAMBLIN 
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from same WIGMORE. STREET 


footswitch. JLONDONWL 


AMERICAN JOURNAL OF OPHTHALMOLOGY 


THE The Moorfields Synoptophore has long enjoyed the universa! 
4 recognition as the most important orthoptic apparatus. Originally 
. evolved from the simple Worth’s Amblyoscope, its development 
MOORFIEI DS has kept pace with the many improvements in orthoptic technique. 

_——_- When the two optical tubes are moved through any angle the 
, . movements are concentric with those of the visual axes. A simple 
SY NOPTOPHORE slow motion device is provided for duction exercises, and by 
releasing a locking key the two tubes may be rotated in co-ordina- 
tion for kinetic exercises. 


from Large diameter lenses and stainless steel mirrors, producing a 

brilliant image, are fitted into eyepieces so shaped to facilitate 

CLEMENT observation of the corneal reflexes. Aunthary cells for standard 
" sized trial lenses and prisms are supplied. 


The interlenticular distance may be varied from 50 mm. to 


CLARKE 80 mm. Interpupillary distances smaller than 50 mm. are perfectly 
accomodated. Cyclophoria and hyperphoria may be measured with 
of great accuracy and the slow motion vertical screw is also valuable 


in estimating vertical ductions. Other features include adjustable 
chin and forehead rests, two flashing switches of the latest micro 
England type and two dimming rheostats. 


CLEMENT CLARKE ORTHOPTIC EQUIPMENT INCLUDES: 
The Lyle Major Amblyoscope. Hess Screens, Cheiroscopes, Worth’s 4 Dot Tes , 
Diplopia Gogeles, Rotating E Test, Maddox Handframe, Maddox Wing Test, 
Bar Readers, etc. 


of ENGLAND 
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for CYCLOPLEGIA and MYDRIASIS 


“CYCLO GYL** 


HYDROCHLORIDE 


1. Rapid effect. Maximal cycl 
3 2. Satisfactory duration of a 


in all age groups. 


in each eye. In highly 
CYCLOGCYL in 
eye. 
One or two drops of either 0.5% or 1.0% CYCLOGYL, 
followed ten minutes later by second instillation, a“ 
pretreatment the evening before refraction is not 
normally necessary with CYCLOCYL, 
Supplied: 0.5% Sterile Ophthalmic Solution — USece Dropper Bottles; 
1.0% Sterile Ophthalmic Solution — 15ee-Dropper Boulles 
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and Lespeldy H.: of Ophih. 49:24 Gan.) 1953 
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ZINCFRIN 


DESCRIPTION: A non-stinging, non-irritat- 
ing ophthalmic solution containing .25% Zinc 
Sulphate, Benzalkonium Chloride 1:5000 and 
a Phenylephrine Hydrochloride U.S.P. 
Tonicity and pH values adjusted to closely 
approximate those of tear secretions. 


INDICATIONS: Infectious, allergic, catarrhal 
or inflammatory conjunctivitis in which the 
astringency of Zinc Sulphate combined with 
vaso constrictor properties of Phenylephrine 
HCI. USP may be desirable. 


SUGGESTED DOSAGE: Adult and Child— 
Two or three drops in affected eye every three 
hours or as directed by physician. 


AVAILABILITY: Zincfrin—Available in pre- 

scription pharmacies in 15cc blue dropper bot- 

tles. Literature and samples on request. 
Manufactured by 


ALCON LABORATORIES, INC., FORT WORTH, TEXAS 


OP-THAL-ZIN 


DESCRIPTION: 

A non-stinging, non-irritating ophthalmic solu- 
tion of Zinc Sulfate 4% with pH and tonicity 
values closely approximating those of tear se- 
cretions with Benzalkonium Chloride 1:5000 
as a “wetting agent” and preservative. 


INDICATIONS: 

Conjunctival infections in which the astrin- 

nm of Zinc Sulfate is desirable. Morax- 
xenfeld Bacillus, etc. 


SUGGESTED DOSAGE: 

Adult and Child—Two or three drops in af- 
fected eye every three hours, or as directed by 
Physician. 


SUPPLIED: Op-thal-zin 15cc Blue Dropper 
Bottles. 


AVAILABILITY: Available in prescription 
pharmacies in 15cc blue dropper bottles. Litera- 
ture and samples on request. 

Manufactured by 
ALCON LABORATORIES, INC., FORT WORTH, TEXAS 


ISOPTO ALKALINE 


OPHTHALMIC VEHICLE: 

Containing 1% Methyl Cellulose Ophthalmic in 
aqueous saline solution with Benzalkonium 
Chloride 1:50,000 as a preservative and “wet- 
ting agent.” 


INDICATIONS: 

1. Ophthalmic emollient and lubricating agent 
in retarded lacrimation states, and as protective 
lubricant for pathologic conditions. 

2. Vehicle for various soluble Ophthalmic 
Drugs: Antiseptics, Antibiotics, Sulfonamides 
and various alkaloidal salts. 

3. As a physiologic non-greasy suspending 
agent for insoluble Ophthalmic medications: 
Cortisone, insoluble Sulfonamides, etc. 


ADVANTAGES: Viscosity—plus soothing- 
lubricating effect—provides better and more 
prolonged contact of medication with affected 
area. 


AVAILABLE: Isopto Alkaline available in 
escription pharmacies in 15cc blue dropper 
ttles. Samples, literature and suggested pre- 

scription formulas available on request. 


Manufactured by 
ALCON LABORATORIES, INC., FORT WORTH, TEXAS 


ISOPTO CETAMIDE 


NEW PRODUCT 
For increased efficacy of Ocular Sulfonamide 
therapy—with comfort. 
Isopto Cetamide—contains Sodium Sulfaceta- 
mide, 15% w/v in soothing .5% Methyl Cellu- 
lose Ophthalmic Solution. 
INDICATIONS: 
Acute chronic conjunctivitis, acute traumatic 
corneal ulcer, blepharitis and other external 
eye infections caused by microorganisms sus- 
ceptible to sulfonamide therapy. 

® Comfortable to the eye. 

® More intimate and prolonged eye surface 

contact. 

© Better patient cooperation. 

Stable. 
CAUTION: 
This preparation should be used with care in 
the treatment of patients who have previously 
exhibited sensitivity to sulfonamides. Should 
undesirable reactions occur, discontinue use 
immediately. 
Federal Law prohibits dispensing without a 
prescription. 
Isopto Cetamide is available in 15cc blue drop- 
per bottles in prescription pharmacies. Litera- 
ture and samples available on request. 


Manufactured by 
ALCON LABORATORIES, INC., FORT WORTH, TEXAS 
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EYE MEDICATIONS 


and give your ACTIVE DRUGS the BENEFIT of 


3 IMPORTANT THERAPEUTIC ADVANCES 


One ... BUFFER ACTION . . . Proper pH assured indefinitely 
Two... STERILITY . . . No secondary infections 
Three ... STABILITY . . . No irritant degradation products 


Wwe? SOLUTIONS NOW AVAILABLE 


FLUORESCEIN SOD. 2% .. . Safe ~ bacteria resistant 
METH | SOL (methylcellulose '/2%) Improved tear substitute 


MYDR LATIN Rapid ~ Maximal mydriasis 


PILOCARPINE HCL. 1% and 2% solutions . . . Non-irritating ~ stabilized 
PROP | SOL (sod. propionate 10%) Hypo-allergenic ~ wide-spectrum antibiotic 
TETRACAINE HCL. 0.5% Most popular topical anesthetic in superior form 


zinc sulfate 144% Improved clinical formula 
VAS | ZINC  Gredarnere hel. Vg%J Astringent ~ Vasoconstrictor 


ZINC | SOL [zine sulfate '/4%) Astringent ~ minimal discomfort 


Literature Available 
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Oculists’ prescriptions exclusively 


NEW YORK CITY 


Optician Established 1875 
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Member Guild of Prescription Opticians of 
America 
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ESTIVIN elias ocular and nasal discomfort 
«..c-n5°. caused by hay fever. General conjunctivitis is also 


Be readily alleviated with ESTIVIN. 
g -_ESTIVIN is an aqueous infusion of “rosa gallical.” It 
is decongestive and soothing 
i ‘ to irritated ocular and nasal membranes. 
= 
' One drop of ESTIVIN in each eye will alleviate ocular and nasal 
. discomfort and inhibit the production of irritating fluids. 
; \ Supplied: 0.25 fl. oz. bottle and dropper 
¥ = Fd 
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A SCIENTIFIC CORNER 


WHERE OPTICAL PROBLEMS ARE DISCUSSED AND 
THE SOLUTIONS, AS SOLVED BY EXPERIENCE, INDICATED! 


PRESENTED BY 


THE HOUSE OF VISION, INC. 
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PRISM MEASUREMENT 


In the April Scientific Corner, we pre- 
sented the calipering method of determining 
prism power. This method, as we stated, is 
best applied to Plano prisms but may be ap- 
plied to any prismatic lenses by first calcu- 
lating the thickness difference caused by the 
correction—a tedious procedure. A very 
simple method of determining the prism 
power of any lens is by means of a calibrated 
scale. 


This method is based on the universally 
accepted definition of a prism diopter by 
C. F. Prentice in 1886. Agreeable to this 
definition a one diopter prism produces a 
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deviation of one centimeter at a distance 
of one meter. Therefore, at a distance of 
one meter a five diopter prism would pro- 
duce a deviation of five centimeters and so 
on. 

To use this principle for measuring prism 
power, it is necessary to have a scale hung 
on a wall at a known distance from the prism 
to be measured. We suggest using an 18 inch 
ruler, which is easily obtained, as a means of 
obtaining a fixed distance. One end of the 
ruler is placed below the zero mark on the 
chart, see cut, and the prism is held on the 
opposite end of the ruler with the apex of 
the prism down. The line on the chart cor- 
responding to the power of the prism will 
fall on the zero line. 


To figure the separation of the lines on the 
chart is a simple problem in ratio. If an 18 
inch ruler is to be used as the distance from 
prism to scale, the separation of the lines 
must be 4.572 millimeters. 18 inches equal 
457.2 millimeters, therefore, 1000 is to 10 as 
457.2 is to x. x equals 4.572 millimeters. If 
a 12 inch ruler is used, the distance between 
the lines must be 3.048 millimeters. At two 
feet the lines on the scale would be 6.096 
millimeters apart. 


"IF IT'S A LENS PROBLEM, LET'S LOOK AT IT TOGETHER" 
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SURGICAL CORRECTION OF BLEPHAROPTOSIS* 


RAYNOLD N. 


Hackensack, 


Despite the fact that almost 90 different 
operations have been recommended for the 
correction of ptosis, the surgical treatment 
of this deformity is still, in some respects, 
one of the unsolved problems in ophthalmol- 
ogy. This is so partly because of the inherent 
limitations of all ptosis operations but mostly 


because of the diverse and complicated na- 
ture of ptosis. For these reasons the surgeon 
cannot expect to produce an entirely satisfac- 
tory cosmetic and functional result in all 


Cases. 
CRITERIA FOR A PERFECT PTOSIS OPERATION 

Some of the criteria for a perfect ptosis 
operation are: (1) The upper lids should 
cover the two corneas equally (fig. 1); (2) 
the curve of the upper lids should match in 
contour and shape, with no tendency to form 
a notch or to invert the lashes ; (3) both up- 
per lid folds should correspond in position 
and shape; (4) the width of the palpebral 
fissures should be equal, and the upper lids 
should move synchronously with the two 
corneas, in all directions of gaze; (5) the 
vertical distance between the eyebrow and 
the upper lid margin should be the same on 
the two sides; (6) normal winking should 
be preserved; (7) the lids should close 
normally in sleep; (8) diplopia and hyper- 
tropia should be absent. 

Such a result is a physical impossibility in 
all cases of ptosis, not because of a dearth of 
ptosis operations but, as will be pointed out, 


* Presented at the 38th annual clinical congress 
of the American College of Surgeons, New York, 
September, 1952. 


Berke, M.D. 
New Jersey 


because of the complicated nature of some 
types of congenital ptosis. 


LIMITATIONS OF PTOSIS OPERATIONS 


The many surgical procedures designed to 
correct ptosis may be placed in one of three 
groups: 


I. FRONTALIS MUSCLE TYPE OF PTOSIS OPERA- 
TION 


These procedures suspend the lid from the 
brow, thus utilizing the lifting power of the 
frontalis muscle to support the upper lid. 
The chief disadvantages of this type of 
operation are the lagophthalmos present in 
Jooking down and the corrugation of the 
forehead with elevation of the brow in look- 
ing up. Therefore, these operations seldom 
give satisfactory results, especially in mo- 
nocular ptosis. They represent, however, the 
operation of choice in bilateral complete 
ptosis associated with paralysis of ocular 
elevation with little or no levator action. 

In one of my cases all the extraocular 
muscles appeared to be bands of connective 
tissue at the time of operation; in two other 
cases the inferior rectus were 
fibrous. Because of the poor levator action 
present in these two cases, suspending the 
upper lids from the brow was the operation 


muscles 


of choice. 


Il. SUPERIOR RECTUS MUSCLE TYPE OF PTOSIS 
OPERATION 


The success of these procedures depends 
on the formation of adhesions between the 
tissues of the upper lid and the superior 
rectus muscle. Their chief disadvantages are : 
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Fig. 1 (Berke). Illustrating the criteria of a 
perfect result from ptosis surgery. Note that the 
position and curve of the upper lids and the upper- 
lid folds are equal on the two sides, the width 
of the fissures and the distance from the upper-lid 
margins to the brows are the same, and that the 
lids move synchronously with the globe in looking 
up and in looking down. Such a result is impossible 
in all cases of ptosis. 


a tendency to notch formation of the upper 
lid, an induced weakness of the superior 
rectus muscle, and an inclination to lagoph- 
thalmos in sleep. 

The first two of these disadvantages can be 
greatly minimized if the superior rectus 
muscle is shortened and a broad adhesion 
formed between the lid and the superior 
rectus muscle at the time of the ptosis opera- 
tion, according to the technique already de- 
scribed.’ Practically all of these patients with 
laophthalmos develop a modified Bell’s phe- 
nomenon during sleep and a resistance of the 
corneal epithelium to drying so that corneal 
ulceration does not develop. 

The main advantage of the superior rectus 
operation is the synchronous movement of 
the lid with the cornea in all directions of 
gaze. 


III. SHORTENING OF THE LEVATOR PALPE- 

BRAE MUSCLE FOR PTOSIS 

The success of these procedures depends 
on the presence of adequate levator tissue 
from which to support the upper lid. 

Their chief disadvantage is the tendency to 
undercorrection. However, because of the 
excellent cosmetic and functional results 
usually obtained, resection of the levator is 
generally accepted as the operation of choice 
in all cases of ptosis when adequate levator 
tissue is present (except, of course, when 
the ptosis is associated with the jaw-winking 
phenomenon of Marcus Gunn). 


TYPES OF CONGENITAL PTOSIS 

The nature of the ptosis in a given case 
is a most important consideration in deter- 
mining not only the type of operation to be 
done but also the success of the operation 
selected. For example, in a recent survey? of 
the results on 91 consecutive operations of 
resection of the levator, it was shown that the 
percentage of good and excelleat results 
varied from as little as 30 percent to as 
much as 78 percent, depending on the nature 
of the ptosis present. 
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Because congenital ptosis is more common 
than the acquired variety, and because the 
etioloy of the latter is so varied and the treat- 
ment so individualized, this discussion will 
be devoted entirely to the congenital type. 

In order to give an over-all picture of 
the variable nature of congenital ptosis, 200 
consecutive cases were critically examined 
and the data tabulated* (fig. 2). This 
showed that congenital ptosis may be di- 
vided into four distinct groups. (Spaeth* 
divides congenital ptosis into nine groups.) 


Group 1 


Group 1 was made up of patients with 
normal functioning superior rectus muscles, 
about one half of whom had good levator 
action. When this entire group was subjected 
to an operation for resection of the levator, 
irrespective of the degree of levator action 
present, it was demonstrated that 66 percent 


147 Cases 


$s 


PERCENTAGE 


34 


(2 CASES 


GROUP 3 GROUP 4 


GROUP | GROUP 2 

Fig. 2 (Berke). Classification of 200 cases of 
congenital ptosis. Group I indicates patients with 
normal superior rectus muscles; Group 2, patients 
with weak superior rectus muscles ; Group 3, patients 
with ptosis and the jaw-winking phenomenon of 
Marcus Gunn; Group 4, patients with ptosis and 
blepharophimosis. The clear rectangles indicate the 
percentage of each group having poor levator func- 
tion, and the black rectangles the percentage with 
relatively good (but not normal) levator muscle 
action. 


4 months after 
Operation 


Before 
Operation 


Fig. 3 (Berke). Illustrating an excellent post- 
operative result in a case of congenital ptosis of 
four mm. in the primary position with a normal 
superior rectus muscle and relatively good levator 
muscle function (group 1). Compare 1 with 4, 2 
with 5, and 3 with 6 and note that the upper lids 
and upper-lid folds match in position and contour in 
looking up and in the primary position. The lag- 
ophthalmos on the left, present in looking down, 
has been exaggerated by shortening the levator 
muscle, but cannot be avoided because of the non- 
elasticity of the muscle. 


derived a good or excellent result from the 
operation.” 

When, however, the levator action was 
good, the percentage of good or excellent 
results increased to 78 percent (fig. 3); 
when it was poor, this percentage dropped 
to only 57 percent. Thus, it is obvious that 
the nature of the ptosis in this group deter- 
mined the percentage of satisfactory results 
obtained from the operation. 


Group 2 


Group 2 consisted of patients with definite 
clinical weakness of the homolateral superior 
rectus muscle. In each case, resection of the 
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Before 
Operation 


5 years after 
Operation 


Fig. 4 (Berke). Illustrating a good result in a 
patient with congenital ptosis associated with a 
weak superior rectus muscle and poor levator ac- 
tion (group 2). Compare 1 with 4, 2 with 5, and 
3 with 6. Note that there is littke movement of the 
right eye or of the right upper lid in looking up or 
down before and after operation. The postoperative 
hypotropia in looking up and the lagophthalmos in 
looking down must be attributed to the nature of 
the ptosis. 


levator was done to correct the ptosis with a 
good or excellent result in only 47 percent 
of the cases, compared to 66 percent for 
Group 1.* These comparative figures demon- 
strate that the percentage of adequate re- 
sults following resection of the levator de- 
pends 
ptosis present—specifically, in this instance, 


a great deal on the nature of the 


on the function of the superior rectus mus- 
cle. 

When the patients in Group 2 were di- 
vided into two subgroups—that is, 
with good levator action and cases with 


cases 
poor levator action—and the effects of resec- 
tion of the levator for each subgroup were 
compared, it was discovered that 50 percent 
of the former and only 30 percent of the 


latter got satisfactory results (fig. 4). Thus 
it is clear that the good or excellent effects 
of this operation in congenital ptosis are de- 
termined not only by the degree of levator 
action present but also by the function of 
the homolateral superior rectus muscle. 
From a practical point of view, it is un- 
fortunate that all patients with congenital 
ptosis do not fall into Group 1 with good 
levator action, where satisfactory results may 
be expected in 78 percent of the cases. 
Since a large percentage of these opera- 
tions were done by the resident staff, few 
of whom had the opportunity of perform- 
ing more than two or three of these opera- 


After 


Before 
Operation 


Operation 


Fig. 5 (Berke). Illustrating a poor result in a 
patient with ptosis and the jaw-winking phenomenon 
of Marcus Gunn (group 3) following a Frieden- 
wald-Guyton frontalis ptosis operation. Compare 
1 with 4, 2 with 5, 3 with 6. Note that the patient 
has residual ptosis in looking up and in the primary 
position with slight lagophthalmos in looking down 
postoperatively. With a effort he can 
elevate the right upper lid almost to equal the 
position of the left, but he habitually carried both 
brows in a normal position. As a result, he has 
ptosis in all directions of gaze except in eyes down. 
This result is typical of most cases of monocular 
ptosis in which the lid is suspended from the brow 
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Before Operation 


Fig. 6 (Berke). Illustrating a good result from a modified Motais-Parinaud operation (in which the 
superior rectus muscle was shortened, a portion of the levator excised and the lid suspended from the 
superior rectus muscle) in a case of ptosis associated with the jaw-winking phenomenon of Marcus Gunn 
and moderate weakness of the superior rectus muscle (Group 3). Note the postoperative improvement of 
the ptosis with the jaw slightly to the left (compare 1 with 4), the absence of ptosis before and after 
operation with the jaw depressed (compare 2 with 5) and the marked postoperative improvement in the 
ptosis with the jaw moved to the right (compare 3 with 6). (See figure 7 for position of the lids in 
looking up and in looking down before and after operation. ) 
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Before After 
Operation 


Operation 


Fig. 7 (Berke). Illustrating the position of the 
upper lids in different directions of gaze before 
and after operation with the jaw closed normally 
(same case as in figure 6). Views 1, 2, and 3 
show the amount of ptosis in looking up, in the 
primary position, and in looking down before op- 
eration but do not show the weakness of the right 
superior rectus muscle. Compare 1 with 4 and note 
the residual right hypotropia after operation even 
though the superior rectus muscle has been short- 
ened six to eight mm. (no diplopia because O.D. is 
amblyopic). Compare 2 and 5 and note the marked 
improvement of the ptosis. The slight lagophthalmos 
in looking down (view 6) is to be expected be- 
cause the upper lid, O.D., is anchored to the globe. 
(Photographs taken six weeks after operation.) 


tions during the entire residency, even better 
results should be obtained with experience 
and improved technique. 

The most unfortunate were those patients 
in Group 2 who had weakness of the homo- 
lateral superior rectus muscle combined with 
poor levator action. In these, not only was 
the percentage of good results from resec- 
tion of the levator comparatively low (30 
percent) but the percentage of horizontal de- 
viations was extremely high. For example, 


in Group | only 7.3 percent of the patients 
had esotropia or exotropia, while in Group 
2, 66 percent were thus affected.’ 


Group 3 


Group 3 consisted of ptosis associated with 
the jaw-winking phenomenon of Marcus 
Gunn. In all cases, good levator action was 
present, especially when the jaw was de- 
pressed or moved to the opposite side. Some 
weakness of the homolateral superior rectus 
muscle was noted in 73 percent of the cases, 
usually associated with overaction of the con- 
tralateral inferior oblique muscle. 

These patients presented a special prob- 
lem ; not only was it necessary to correct the 
ptosis and the bizarre behavior of the upper 
lid but the hypotropia as well. In two of our 
cases in which the jaw-winking was slight 
and the superior rectus muscle completely 
paralyzed, a liberal resection of the levator 
muscle was done with failure in both cases. 

In two other cases, Spaeth’s® suggestion 
was followed and a piece of the levator mus- 
cle was excised and the lid suspended from 
the brow; the results were unsatisfactory 
in both cases (fig. 5). 

In other cases a piece of the levator was 
excised, the homolateral superior rectus 
shortened, and the upper lid sutured to the 
tendon of the superior rectus muscle accord- 
ing to the technique described in 1949. In 
two of these cases, the result was excellent 
(figs. 6 and 7), in four it was good, and in 
one the operation was a failure. 

In the two cases in which the upper lid 
was suspended from the brow, the patients 
were able to elevate the ptotic lid by contract- 
ing the frontalis muscle voluntarily when re- 
quested to do so; however, they habitually 
carried both brows in a relaxed and normal 
position so that normally the operated lid 
remained in a ptotic position. 

Even in the cases in which the result 
was considered to be good or excellent, it 
was not perfect, because in each case some 
residual hypotropia could be brought out in 
the upper fields (fig. 7) (even though the 
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superior rectus muscle had been shortened), 
normal winking was disturbed, and the lids 
could not be closed normally in sleep. 

Thus, although the postoperative cosmetic 
and functional result was considered grati- 
fying in some of these cases (considering 
the surgical problem present), one is forced 
to the conclusion that the nature of ptosis 
in patients with the jaw-winking phenom- 
enon is such a perfect result is surgically 
impossible in the light of our present 
knowledge. 


Group 4 
Group 4 was made up of seven cases of 
ptosis associated with blepharophimosis 


characterized by very short fissures horizon- 


After 
Operation 


Before 
Operation 


Fig. 8 (Berke). Illustrating the postoperative re- 
sult of bilateral resection of the levator in a case 
of ptosis associated with mild blepharophimosis 
(group 4). In this seven-year-old girl, the fissures 
measured only 22 mm. horizontally but the distance 
between the inner canthi was 42 mm. After opera- 
tion both pupils are uncovered in the primary posi- 
tion and the eyebrows are no longer elevated. The 
normal-appearing upper lid folds augment the cos- 
metic result. 


Before 
Operation 


Fig. 9 (Berke). Illustrating the postoperative 
result in a case of moderately severe blepharophimo- 
sis (group 4) in which each fissure measured 20 
mm. horizontally and the distance between the 
inner canthi 35 mm. preoperatively. A modified 
Von Ammon operation, in which the subcutaneous 
tissues were overlapped, resulted in a scar over the 
bridge of the nose and a decrease of the inter- 
canthal distance from 35 to 28 mm. A bilateral 
Friedenwald-Guyton frontalis operation later cor- 
rected the ptosis fairly well with some residual 
postoperative ptosis in looking up and lagophthalmos 
in looking down. Later the left upper lid became 
infected, the left ptosis increased and the stainless 
steel wire had to be replaced. 


tally and an abnormally great distance be- 
tween the inner canthi. In three cases the 
shortened fissures were displaced so far lat- 
erally that both pupils were partly covered 
by the inner canthi in the primary position. 

Some of these cases present a most diffi- 
cult surgical problem because usually it is 
necessary to lengthen the fissures as well as 
correct the ptosis. In mild cases it was not 
necessary to lengthen the fissures because, 
although shorter than normal, the fissures 
were properly placed in front of the two 
pupils. In severe cases of blepharophimosis 
we have found external blepharoplasty sat- 
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Afler first 
Operation 


Atter third 
Operation 


Before 
Operation 


Fig. 10 (Berke). Illustrating the postoperative result in a case of ptosis associated with marked blepharo- 
phimosis (group 4). When the patient was aged four years, each fissure measured only 13 mm. horizontally 
and the distance between the inner canthi was 45 mm. (view 1). After shortening the inner canthal liga- 
ments and lengthening the fissures laterally, each upper lid was suspended from the corresponding superior 
rectus muscle with the result shown in View 2. Because the inner canthus partly covered each cornea in 
the primary position, the fissures were lengthened nasally, after which both lids were suspended from the 
frontalis muscle via stainless steel wires. The poor final result, shown in View 3, must be attributed to the 


complicated nature of the ptosis. 


isfactory for increasing the length of the 
fissures laterally, but to date we have found 
no entirely satisfactory method for lengthen- 
ing the fissures nasally. 

In one case of ptosis with blepharophimo- 
sis, resection of the levator was a complete 
failure; in four other cases, this operation 
corrected the ptosis satisfactorily (fig. 8); 
in two other cases the lids were suspended 
from the brow with a fair result in each 
case ( fig. 9). In one case the final cosmetic 
result was entirely unsatisfactory, even when 
the ptosis was partly corrected, because of 
the irregular curvature of the palpebral fis- 
sures (fig. 10). 

Ptosis associated with blepharophimosis, 
therefore, represents one of the unsolved 
problems in ophthalmology. 


Discussion 

Since this article has stressed the difficul- 
ties and frustrations to be encountered in the 
surgical treatment of congenital ptosis, the 
impression may be given that the purpose 
of this paper is to discourage surgery in the 
more complicated cases. On the contrary, 
I believe these problem cases should be given 
the benefit of surgery because, even though 


the final result may leave much to be de- 
sired, practically all of these patients can 
be greatly benefited. 

My primary purpose has been to empha- 
size that the nature of the ptosis in a given 
case determines the nature of the result. 
Thus, the surgeon should not be apologetic 
or disheartened if all of his results are not 
perfect. All one can reasonably hope to ac- 
complish in any case ts to utilize the tissues 
available to the patient's best advantage. 

Because of the unsatisfactory results, one 
may be inclined to agree with Beard® when 
he said, “All who have had much experience 
in this branch of ophthalmic surgery will 
agree that the results of ptosis operations, 
taken all in all, are far from brilliant.” 

This statement is as true today as it was 
38 years ago. The point to remember is 
that, in the great majority of patients with 
congenital ptosis, the results can be “bril- 
liant.”” When these results are “far from bril- 
liant,” the cause for failure is to be attributed 
more to the nature of the ptosis itself than toa 
fault of the surgeon. 


SUMMARY AND CONCLUSIONS 


It is impossible to produce a perfect cos- 
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metic and functional result in every case of 
congenital ptosis because of the inherent 
limitations of all ptosis operations and be- 
cause of the complicated nature of some 
cases. 

All cases of congenital ptosis may be clas- 
sified into one of four groups: Group 1, 
ptosis with normal superior rectus muscle 
function; Group 2, ptosis with weakness of 
the homolateral 
Group 3, 
phenomenon of Marcus Gunn; Group 4, 


superior rectus muscle; 


ptosis with the jaw-winking 
ptosis associated with blepharophimosis. 

In Group 1, resection of the levator pro- 
duces a good or excellent result in from 57 
to 78 percent of the cases, depending on the 
amount of levator action present. 

In Group 2, these figures drop to 30 per- 


cent and 50 percent, respectively. 

In Group 3, resection of the levator is 
contraindicated. Here the jaw-winking must 
be destroyed by excising a piece of the 
levator and the ptosis corrected by other 
means. 

Group 4 presents a surgical challenge for 
the correction of the blepharophimosis as 
well as the ptosis. 

In general, resection of the levator is the 
operation of choice in all types of congenital 
ptosis, especially when relatively good le- 
vator action is present. 

430 Union Street. 


I am deeply indebted to my colleagues at the 
Eye Institute, Presbyterian Hospital, New York, 
for the opportunity to study and report the cases 
illustrated in this article 
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MINIATURE 
On Itching and Inflammation of the Eyelids 


Sometimes the blood in the brain becomes melancholic and thence runs 
into the eves, inducing extreme dryness of the lids. This in turn causes 
severe itching and burning of the eves and eyelids, chiefly because the 


afflicted one was not purged at once and did not abstain from harmful 


food, Such a patient should, if young, be bled from the medial frontal 
vein and treated with the following collyrium: Take forty tender buds of 
the sloe and pound them thoroughly. Mix them with two measures of 
good wine and boil them in a new pot to one-half, when the mixture 
should be removed from the fire and strained. This decoction dropped 
into the eve will restore it to health. 

Senevenutus Grassus of Jerusalem, 

De Oculis Eorumque Egritudinibus et Curis, 

Translated by Casey A. Wood, 1929, 


UPTAKE OF RADIOACTIVE PHOSPHORUS BY NORMAL 
AND NEOPLASTIC OCULAR TISSUES* 


Epwin B. Dunpny, M.D., anp Bertram Setverstone,t M.D. 
Boston, Massachusetts 


With a view to its possible application to 
the diagnosis of various intraocular masses 
and of retinal separations, studies of the 
uptake of radioactive phosphate ion by ocular 
tumors and by the normal ocular tissues were 
undertaken in January, 1949, An initial re- 
port' was made in November, 1950, at which 
time it was concluded that P**, administered 
parenterally, assumed a higher concentration 
in the vascular tissues of the eye than in 
the less vascular tissues. The lens, cornea, 
and the intraocular fluids also showed low 
concentrations of the isotope. 

Selverstone and Solomon? had previously 
found a strikingly higher uptake of labeled 
phosphate ion by brain tumors than by nor- 
mal brain. Using the probing Geiger-Miiller 
counter of Robinson,’ these differences have 
been utilized for the localization and demar- 
cation of intracerebral tumors.* ° 

It seemed worth while, therefore, to inves- 
tigate the possibility that P** might localize 
in certain intraocular tumors sufficiently to 
permit their verification by means of some 
modification of the neurosurgical probing 
counter. 


METHOD 


Each patient (except B. B.) received a 
single intravenous dose of from 0.15 to 1.4 
millicuries of buffered radioactive phosphate 
ion (P**) from 16 to 24 hours before enu- 
cleation. One patient (B. B.), who had no 
ocular pathologic condition, received 3.9 mc. 
of P** for localization of a malignant brain 
tumor. She died on the second postoperative 


*From the Ophthalmic Service, Massachusetts 
Eye and Ear Infirmary, the Neurosurgical Service 
of the Massachusetts General Hospital, and the De- 
partments of Ophthalmology and Surgery, Harvard 
Medical School. 

t Now Professor of Neurosurgery, Tufts College 
Medical School. 
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day, 83 hours after the injection, and an eye 
was obtained at postmortem examination. 
The other enucleations were performed sur- 
gically for tumor, traumatic glaucoma, or 
posttraumatic degeneration. 

Samples of each of the ocular and extra- 
ocular tissues shown in Table 1 were ob- 
tained and labeled by an ophthalmic surgeon 
immediately after operation. The remainder 
of the globe was fixed and examined in the 
Pathology Laboratory of the Massachusetts 
Eye and Ear Infirmary. 

Weighted aliquots, usually from 50 to 75 
mg., were taken from each tissue sample, 
dried, and assayed by means of an end- 
window Geiger-Miiller counter. Because 
of the high energy of the beta emission of 
P*?, no correction has been made for self- 
absorption. 

Since the cornea is a homogeneous, avas- 
cular tissue of low P** uptake, its activity 
has been used as a base line in order to elimi- 
nate variations in radioactivity caused by 
differences in dose or in body weight. 


counts/min./mg. in tissue 
counts/min./mg. in cornea 


The ratio 


will be called the “activity ratio” of the tis- 
sue. In one case (A. A.) the cornea was 
markedly scarred. In this instance, the ratio 
has, therefore, been calculated with respect 
to sclera, which was normal. Observations in 
other cases showed that the activity of the 
normal cornea was from 0.71 to 1.9 times 
that of sclera. In A. A. the scarred cornea 
was only 0.36 times as active as the sclera. 


RESULTS 


It is clear from Table 1 that the uptake of 
P*? under the conditions of this study has 
been far less in cornea, sclera, aqueous, vit- 
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TABLE 1 
ACTIVITY RATIOS OF NORMAL AND PATHOLOGIC OCULAR TISSUES AFTER 
INTRAVENOUS INJECTION OF P® 


(Normal cornea = 1.0 except as noted in case A. A.) 


6/6/51 


Date 1/18/49 2/18/49 2/24/49 4/11/19 9/10/49 1/19/51 3/9/51 
Patient P. W. GE. BML CM, H. T. 
Age (yrs.) 7 64 29 59 40 2 1 1 
At hrs. (approx.) 16 83 20 24 23 20 17 18 
Melanoma 5.6 3.2 : 
Retinoblastoma 8.3 7.2 50.7 
Cornea 0.36 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
(scarred) 

Aqueous 0.13 0.51 0.19 0.59 
Vitreous 0.10 0.20 0.18 0.19 

ns 0.79 0.48 0.52 
Retina 2.6 2.8 $.3 1.7 1.2 4.5 4.3 
Choroid 5.9 3.0 4.7 2:3 6.7 $.2 2.4 
Optic nerve 2.3 3.7 1.4 1.3 

era 1.0 1.4 0.70 1.0 1.3 0.54 0.68 
E.O.M. 1.0 0.89 
Retrobulb. fat 0.68 1.3 
Iris and ciliary body 2.8 2.4 4.8 2.5 3.3 4.3 ee 3.3 


* A. A.—Posttraumatic degeneration with scarred cornea. Sclera = 1.0. 


+ B. B.—Normal eye removed at autopsy. 


~ R. E.—Absolute glaucoma with hemorrhage, secondary to trauma (see text). 


reous, and lens than in the more vascular 
tissues of the eye. In each neoplastic eye, 
with the exception of G. H., activity of the 
tumor was higher than that of any of the 
other ocular or extraocular tissues studied, 
including the more vascular tissues. In two 
cases of retinoblastoma (M. L. and C. M.), 
in which supposedly normal retina was as- 
sayed, activity ratios for this tissue were 
quite high. Infiltration of adjacent ratios by 
these extensive neoplasms may have been 
responsible for this finding. Counts from 
the choroid were unusually high in one eye 
with melanoma (G. H.) and one with retino- 
blastoma (M. L.). A similar explanation is 
suggested. 

In one case where no tumor was present 
(R. E.), there was a surprisingly high ac- 
tivity ratio in retina, choroid, and iris. Path- 
ologic examination of this glaucomatous eye 
showed extensive sanguinous separation of 
the choroid, with recurrent bleeding into the 
retina, diffuse congestion of choroidal ves- 
sels, and vascularization of the iris. 


DISCUSSION 


These results suggest that there is a dif- 


ferential uptake of P** in certain ocular tu- 
mors as compared with the normal tissues 
of the eye. The possible application of this 
observation to in vivo studies both before 
and during operation is obvious. 

It should be pointed out, however, that the 
retina and choroid may show abnormally 
high counts in neoplastic eyes. The presence 
of a high counting rate, therefore, over one 
portion of an eye may indicate the presence 
of a neoplasm but not necessarily its precise 
site. A melanoma several times the choroid 
in thickness might be detectable in vivo 
through the sclera, in spite of an activity, 
weight for weight, less than that of normal 
choroid. 

Until much more extensive data are avail- 
able, however, we warn against reliance upon 
such studies as these, if they suggest a 
course of action which differs from a deci- 
sion made independently on clinical grounds. 

Thomas, Krohmer, and Storaasli® have 
used P** in an attempt to detect intraocular 
tumors of the anterior half of the globe by 
means of an external counter. One of us 
(E. B. D.) is investigating a modification of 
the Robinson-Selverstone neurosurgical 


776 EDWIN B. DUNPHY AND BERTRAM SELVERSTONE 


counter* for the diagnosis of tumors in the 
posterior half of the globe. 

Another possibility is suggested by the 
report of Selverstone, Sweet, and Ireton’ 
concerning the concentration of K* in 
cerebral tumors. It is possible that direct 
external counting of the gamma rays of an 
isotope such as K** may provide useful in- 
formation concerning the presence of an 
intraocular tumor. 


SUMMARY 
Data are reported in eight cases concern- 


*Obtainable from Robert A. Waters, Inc., 
Waltham, Massachusetts. 
Pathologic examinations 


Parker Heath. 


were made by Dr. 


ing the relative uptake of radioactive phos- 
phorus by various ocular and extraocular 
tissues. In five of these cases an intraocular 
tumor was present. The uptake of P** in 
three retinoblastomas was significantly 
higher than that of the other ocular tissues 
and suggests the possibility that diagnosis of 
this tumor by means of a miniature in vivo 
counter may be feasible. In one of two mel- 
anomas the activity ratio was actually less 
than that of the normal choroid, although 
higher than other ocular tissues. This im- 
poses a relative but not an absolute impedi- 
ment to the possible application of in vivo 
counting to such cases. 


243 Charles Street (14 ). 
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OPH THALMI( 


MINIATURE 


The Glandulae Lachrymales are often infected, and do according to 
the variety of their disorders produce several sorts of Tumours about 
the eye; the most usual of which is a Lippitudo, an affection of the ends 
of the Lachrymal Vessels, which being derived from them do terminate 
near the cilia, so also the Hordeoli, etc., nay it is not rare to see the whole 
ball of the Eye thrust out by the Tumour of these Glandules. Ophthalmia 
it self is often a consequent of the Disease; so is also the Fistula 
Lachrymalis which often oweth its origin to this cause. 


Richard Wiseman, 


A Treatise of the King’s-Evill, 1696. 


THE EFFECT OF HYALURONIDASE ON THE THERAPEUTIC 
EFFICACY OF BAL APPLIED TO RABBIT CORNEA* 


CHARLES Harris, Capt. (MC) U.S.A., AND BERNARD S, CoHEN, Lieut. (MC) U.S.A. 
Army Chemical Center, Maryland 


There has been conflicting evidence in the 
literature concerning the effect of hyalu- 
ronidase on the penetration of the cornea by 
liquids. Meyer and Chaffee’ stated that the 
cornea contains hyaluronosulfate and de- 
scribed its hydrolysis by hyaluronidases pre- 
pared from testes and pneumococci. Wislocki 
and others? failed to demonstrate alterations 
corneas treated with 
hyaluronidase, Woodin,* 
demonstrate any effect by hyaluronidase on 


in metachromasia in 
and unable to 
the spread of liquids through the cornea, 
suggested that impurity in the hyaluronidase 
extract may have been responsible for the 
results reported by Meyer and Chaffee. 

This suggestion may be valid since a 
mucinase has recently been separated from 
testicular extracts of hyaluronidase,‘ and 
since Woodin has recently stated that corneal 
mucopolysaccharide is not a substrate for 
hyaluronidase.® 

The possibility of mild lewisite vapor 
burns of the eye, and more severe splash 
burns by small droplets, is a constant haz- 
ard to plant and laboratory workers deal- 
ing with this substance. For BAL to be 
effective in these cases it must be applied 
immediately and, if the application of this 
substance is delayed for even three or four 
minutes, irreparable damage may occur. 
Increasing the speed of absorption of BAL 
from the conjunctival sac, and enhancing its 
rapid, even distribution through the cornea 
is desirable, despite the marked efficiency 
with which BAL is known to work. 


MetHop 


This experiment tests the effect of hyalu- 
ronidase on the therapeutic efficacy of BAL, 
when used to treat lewisite burns. Black rab- 
bits with pigmented eyes were used for the 


* From the Chemical Corps Medical Laboratories. 


test. The eves were checked before burning 
and those rabbits with corneal opacity or 
iridal inflammatory changes were discarded. 

Three experiments were done in which 
eye burns of varying severity were treated 
with five-percent BAL dissolved in ethylene 
glycol, with and without admixed hyaluroni- 
dase. The burned eyes of one group of rab- 
bits were treated with hyaluronidase alone. 

Lewisite-vapor exposures were carried out 
at room temperature (22 to 26°C.) by plac- 
ing the evulsed eye of ether anesthetized 
rabbits over a properly fitting vapor cup 
containing lewisite in which a small fan made 
of filter paper was continually rotated by 
hand (fig. 1). 

A fresh vapor cup filled with 0.4 cc. lewi- 
site was used to expose each 20 eyes, an addi- 
tional 0.2 ce. lewisite being added to the cup 
after it had been used to expose 10 eyes. One 
drop of lewisite liquid was applied to the fan 
each time lewisite was added to the cup. 
Under the conditions of the experiment, tem- 
perature variation was too small to warrant 
immersion of the vapor cup in a constant 
temperature bath. 

The lewisite used was at least 99-percent 
pure by arsenic and 99-percent pure by 
chloride analyses. American reference stand- 
ard BAL in ethylene glycol was employed. 


Fig. 1 (Harris and Cohen). The vapor cup. 


: 
a 
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The extent of each burn was evaluated by the 
scoring system detailed below : 


SCALE OF EVALUATION® 


I. CORNEA 


A. Opacity: Degree of density (if one 
area is more dense than another, the reading 
is taken as that of the most dense area) : 

0 = No visible lesion 

1 = Scattered or diffuse area. Details of 

iris clearly visible 
2 = Easily discernible translucent areas. 
Details of iris slightly obscured 

3 = Opalescent areas. No details of iris 
visible but size of pupil barely dis- 
cernible 

4 = Opaque. Iris invisible 


B. Area of cornea involved: 


1 = % (or less) other than 0 

2 = Greater than 4% and less than 4% 

3 = Greater than ™% and less than %4 

4 = Greater than ¥% up to and including 
whole area 


Score = (A X B) X 5. Maximum = 80 


If. ConNJUNCTIVAS 


A. Redness (refers to palpebral conjunc- 
tivas only) : 

1 = Vessels definitely injected above 
normal 

2 = More diffuse, deeper crimson red— 
individual vessels not easily visible 

3 = Diffuse beefy red—similar to posi- 
tive control eyes 


B. Chemosis: 


1 = Any swelling above normal (in- 
cludes nictitating membrane ) 

2 = Obvious swelling with partial ever- 
sion of the lids 

3 = Swelling with eyelids about half 
closed 

4 = Swelling with the eyelids from one- 
half closed to fully closed 


Discharge: 

1 = Any amount different from normal 
(does not include the tiny amount 
observed in the inner canthus of 
normal animals ) 

2 = Discharge with moistening of the 
lids and hair just adjacent to the 
lids 

3 = Discharge with moistening of the 
hair and considerable area around 
the eye 

Score A + B + C X 2. Maximum = 20 


The total score therefore is 100. Another 
10 points can be distributed for iris lesions, 
but 24 hours after exposure the opacities of 
the cornea may prevent one’s observation of 
the iris. For this reason, we omitted iris 
evaluation. 

The eyes were examined once 24 hours 
after the vapor exposure. After exposure to 
liquid lewisite, the eyes were examined 10 
times over a three-week period; every 24 
hours for the first five days, then approxi- 
mately every other day for the following two 
weeks. 

Eyes exposed to lewisite vapor, then 
treated with BAL, with resultant scores be- 
between 0 and 60, need not be examined more 
than once after 24 hours, because differences 
between two groups of eyes, one treated with 
BAL alone and the other with BAL plus 
hyaluronidase, are statistically determinable 
at this time. 

PROCEDURE 

In ExperiMENrt I, the eyes of rabbits in 
each of four groups were exposed to vapor 
from concentrated lewisite for 30 seconds as 
specified in Military Specifications for BAL.® 
In each group the eyes of five rabbits were 
treated as scheduled below, and one rabbit 
was kept as an untreated control. 

Group I. One minute after burning, eyes 
were treated with 0.1 cc. of five-percent BAL 
dissolved in ethylene glycol. 

Group II. One minute after burning, eyes 
were treated with 0.1 cc. of a five-percent 
solution of BAL in ethylene glycol in which 
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150 turbidity reducing units of hyaluronidase 
were dissolved. 

Group 111. One minute after burning, eyes 
were treated with 0.1 cc. of an ointment of 
five-percent BAL in a glycol base. 

Group /I”, One minute after burning, eyes 
were treated with 0.1 cc. of an ointment of 
five-percent BAL in a glycol base to which 
150 turbidity reducing units of hyaluronidase 
were added. 

EXPERIMENT II 
effect of hyaluronidase-BAL mixtures on 


was devised to test the 


burns more severe than those obtained in Ex- 
periment I. Increased burn scores (from 30 
to 50) enable one to determine the signifi- 
cance of smaller score decrements due to the 
test substance, with smaller numbers of ani- 
mals, than can be done with scores in the 
range 0 to 20 (see discussion ). 

There are three ways of increasing vapor 
burn scores in BAL.-tested eves: (1) To in- 
crease the amount of time that the eye is 
exposed to vapor; (2) to expose the eye for 
the routine 30 seconds but delay treatment 
from the usual one minute after exposure 
ceases to longer periods of time; (3) (a 
method we did not employ) to increase the 
temperature of the lewisite to increase the 
vapor concentration, 

In the first portion of this experiment, the 
eves of 16 rabbits were burned with lewisite 
as already detailed. The burned eyes of two 
rabbits were not treated. One eye of each of 
the four 
minutes after burning with 0.1 ce. 


remaining rabbits was treated 
of five 
percent BAL dissolved in ethylene glycol, 
while the four 
minutes after burning with the same mix- 


ture, to which 150 turbidity reducing units of 


second eve was treated 


hyaluronidase were added. 

In the second part of the experiment the 
eves were exposed to lewisite vapor for one 
minute (twice the prescribed exposure ), one 
eye treated with BAL and the other with 
BAL plus hyaluronidase 30 seconds after 
exposure. Therefore, although the exposure 
time was doubled, the time of treatment was 
one and one-half minutes after exposure was 
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started, which is the same time after the start 
of exposure that treatment is advised in the 
Military Specifications BAL.* 

IN EXPERIMENT III, the eyes of 12 rabbits 
were burned with one drop of liquid lewisite 
from a 24-gauge hypodermic needle. Four 
control eyes were not treated. Ten of the 
remaining 20 eyes were treated with BAL 
alone and the other 10 were treated with the 
BAL liquid mixture with added hyaluroni- 
dase one minute after exposure. The scoring 
specifications detailed previously were used 
and analysis of variance was performed to 
determine whether the hyaluronidase signiti- 
cantly altered the therapeutic efficiency of 
BAL. 

RESULTS 

In no instance did hyaluronidase alter the 
nature of the therapeutic response to BAL 
of eves burned with lewisite (table 1). The 
hyaluronidase did not significantly change 
the course of lewisite burns which were not 
treated with BAL. 

In Experiment I, an excellent therapeutic 
effect was obtained in all animals. In Experi- 
iment II, all 24-hour burns were more severe 


TABLE 1 
AVERAGE EVE SCORES FOR EXPERIMENTS I, IT, III 


Number 


Treatment of Eyes 
lreated 
1 BAL liquid 10 14.5+ 4.9 
BAL liquid 
with added 
hvaluronidise 10 18.3+ 
BAL ointment 10 13.0+ 6.4 
BAL ointment 
with added 
hyaluronidase 8.9 
2A BAL liquid 14 39.0+ 6.8 
BAL liquid 
with added 
hyaluronidase 14 40.6+ 5.6 
2B BAL liquid 8 20.1+ 9.4 
BAL liquid 
with added 
hvaluronidase 8 26.3+11.4 
3 BAL liquid 10 110* 
BAL liquid 
with added 
hyaluronidase 10 110 


* Since all eyes in this group received top score 24 
hours after burning, there is no determinable scoring 
variation, 
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than those of Experiment I, and all eye 
changes except one were considered reversi- 
ble. 

In Experiment III, one eye recovered and 
all others were irreparably damaged ; corneal 
perforation occurred in more than 50 per- 
cent of the eyes after the third week of ob- 
servation. 


DISCUSSION 


BAL penetrates the cornea rapidly, so that 
only a potent, rapid acting agent could in- 
crease its efficiency. This experiment shows 
that hyaluronidase fails to increase the effi- 
ciency of BAL, but does not determine the 
action of hyaluronidase on the cornea. 

It is possible that hyaluronidase may be 
effective in aiding corneal penetration by an 
agent which would penetrate only very 
slowly. Because of the normal high efficiency 
of BAL, and the large variation in scores 
of lewisite-burned eyes treated with BAL, 
the experiments herein described will detect 
only large enhancing effects on BAL that 
hyaluronidase might exert. 

BAL will theoretically prevent the inhibi- 
tion of enzyme systems by arsenic. The dam- 
age from this action, however, will not be 
immediately apparent. In eyes exposed to 
splash burns the cornea turns milk white the 
moment the liquid makes contact with it. 
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This immediate effect cannot be attributed 
to the arsenical action, but is probably due to 
the combination of the hygroscopic effect of 
the lewisite, and the acid effect and protein 
denaturation resulting from the hydrolysis of 
lewisite when it comes in contact with the 
lacrimal secretions. This component of the 
burn should not be affected by the BAL. 

The arsenic effects should be completely 
reversed by BAL in mild vapor exposures. 
The large variation in response, between ani- 
mals and between similarly treated eyes in 
the same animal, as measured by the scoring 
specifications detailed above, may be due to 
the variation in response to the pH com- 
ponent of the burn. 

In a preliminary test, it was found that a 
30-percent reduction in score was effected by 
BAL and hyaluronidase mixtures when com- 
pared with BAL alone. However, since the 
standard error was large relative to the 
means, no significant difference was in- 
dicated. 

It has been found that in the score range 
0 to 20, the standard error approximated the 
mean score. Increasing scores to the range 
30 to 60 alters this relationship since the 
standard error will generally increase pro- 
portionally less. 

When standard error approximates the 
mean score, reasonable sample size will detect 


TABLE 2 


ESTIMATED SAMPLE SIZE NECESSARY TO GIVE THE SIGNIFICANT PERCENT CHANGE 


Standard Error of 
Each Mean 


Average Score BAL- 
treated Eyes 


14 


20 
30 14 
40 14 
50 14 


Estimated Sample Size 
Necessary 
(To observe significant’ 
fa =0.05, 8=0.95] 
changes) 


% Decrease in Score of 
BAL + Hyaluronidase- 
Treated Eves 
(Compared to BAL- 
treated eves) 


10* 
33 26 
50 13 
66 7 
25 26 
37 13 
50 7 
20 26 
30 13 
40 7 
50 5 


* In this case the minimum significant decrease (a =0.05, 8=0.80) was estimated from known sample 


size of 10, 
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only large differences. As the mean score 
increases in relation to standard error, 
smaller differences can be detected without 
using an impractical number of animals. 
Table 2 shows the estimated sample size 
necessary to give the significant percent 
change (2 = 0.05 B = 0.95),’ if it exists, 
for each specified score for the control 
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(BAL-treated) eyes, when the standard er- 
ror (S) = 14. 


SUMMARY 


1. Hyaluronidase has no effect on the sev- 
erity of lewisite burns in the rabbit eye, and 
does not influence the treatment of these 
burns with BAL. 
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CURARE AKINESIA IN CATARACT OPERATIONS* 


Joun W. Henperson, M.D. 
Rochester, Minnesota 


Although it has been known for some years 
that ptosis and diplopia were early manifesta- 
tions of intoxication from curare, it has only 
been recently that such ocular difficulties 
were regarded as of any clinical importance. 

On completion of the pharmacologic re- 
searches by McIntyre and co-workers,’ in 
i939, and Wintersteiner and Dutcher,? in 
1943, the active principle of curare became 
available for application. This 
brought about a change in the status of 


clinical 


curare from a “curiosity poison” to an alka- 
loid that had therapeutic possibilities because 


its dosage could be controlled. 


OPHTHALMIC USE OF CURARE 


As an addition to medical therapeutics the 
drug was first used in a large series of cases 
by Bennett® as an antispasmodic in individu- 
als undergoing shock therapy with penty- 


*From the Section of Ophthalmology, Mayo 
Clinic. 


lenetetrazole (metrazole). Curare was next 
used in anesthesiology ; the temporary mus- 
cular paralysis or akinesia produced by 
curare was widely utilized as an adjuvant to 
anesthesia. In the combined fields of anes- 
thesiology and ophthalmology, mention is 
made of enucleation of an eye in a patient 
who was anesthetized by a mixture of curare 
and thiopental sodium in a report by Baird 
and associates,* in 1948. 

The first extensive study of the application 
of curare to an ophthalmologic problem ap- 
pears to have been done by Kirby,® in 1949. 
In this report, Kirby gave his personal im- 
pressions of the use of curare in certain se- 
lected cases in which the extraction of cata- 
racts was required. He gave “relaxing” doses 
of curare to his patients and was favorably 
impressed with the ophthalmic akinesia that 
was produced. 

Since Kirby’s report, an increased inter- 
est in the ophthalmologic aspects of curare 
has been evidenced. The literature on this 
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subject, however, is still not large. Clark,® 
Roche,’ Farquharson,* and Cordes and Mul- 
len® have reported on the specific use of 
curare in operations for cataract. 

Clark was of the opinion that use of this 
drug reduced the incidence of loss of vitre- 
ous in the 44 cases in which it was used. 
Roche determined that the minimal dose of 
curare required to perform intraocular op- 
erations in a group of 50 cases averaged 45 
units (equivalent to about 6.7 mg. of d-tubo- 
curarine chloride ). 

In Farquharson’s series of 70 patients, 
curare was used as a supplementary drug to 
akinesia obtained by a combination of Van 
Lint infiltration and retrobulbar injections 
of two-percent solution of procaine contain- 
ing epinephrine. 

Cordes and Mullen, after using the drug 
in 85 cases, were so favorably impressed 
with its relaxing effect that they stated, “We 
are now coming to the conclusion that curare 
should be used in every case of cataract 
extraction.” 

More recently, Drucker, 
Unna"® carried out experiments with curare 


Sadove, and 
on normal volunteers. Notable among their 
findings was the fact that the extraocular 
muscles, as a group, were the last to recover 
from and the first to be affected by general 
ized akinesia induced by administration of 
curare. 

In a still more recent report, Kirby'' sum- 
marized his experiences over a five-year span 
with the administration of curare in nearly 
600 patients undergoing operations for cata 
ract. As the result of further experiences 
with this drug, Kirby is convinced that 
curare in combination with local anesthesia 
promotes the “expedition, delicacy, and pre- 
cision” of removal of cataracts and is re- 
sponsible for “the absence or diminution of 
complications, particularly of extrusion and 
loss of viscid vitreous.” 

My interest in the use of curare as an 
agent for the production of akinesia in cata- 
ract operations was stimulated by Kirby's 
initial report in 1949. As a result, it was de- 


cided to administer curare to successive pa- 
tients undergoing operations for cataract be- 
cause it was deemed that a study of succes- 
sive cases would supplement the knowledge 
already accumulated concerning the safety 
and behavior of curare in selected cases such 
as characterized Kirby's study. 


MertTnops 


One hundred and thirty-eight successive 
operations for cataract, performed during 
1950 and 1951, form the basis from which 
the data of this study were obtained. To be 
included in this study, it was required only 
that the patient be an adult and that an op- 
eration for cataract be required according to 
the usual indications. 

Curare in the 
chloride (1.0 ce. of the preparation used 
throughout this study was equal to 3.0 mg. 
was admin 


form of d-tubocurarine 


of d-tubocurarine chloride ) 
istered intravenously to all patients under 
the supervision of an anesthesiologist. 

Curare was the sole agent employed for 
the purpose of akinesia; no local anesthetic 
agents were injected into any of the soft 
tissues of the eyeball or orbit or into the 
parotid plexus of the facial nerve. A 10 
percent solution of cocaine was applied topi 
cally to the eye to induce anesthesia. 

Secobarbital sodium (seconal) in doses of 
1.5 gr. (0.1 gm.) was given preoperatively. 
Atropine, in doses of 1/150 of a grain 
(0.00043 gm.), was also administered pre- 
operatively to combat the excessive secretion 
in the respiratory passages that sometimes 
occurs in patients receiving curare. 

The intravenous administration of curare 
was commenced 10 minutes before the start 
of the operation. To allow such an interval 
for induction of akinesia permitted slower 
administration than if the drug was given 
in One injection just prior to the corneal 
section or preplacement of sutures. The 
anesthesiologist may use this interval of in 
duction to observe the patient for any idio- 
syncrasies to the drug or undue respiratory 
distress such as might occur in a patient who 
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had latent myasthenia gravis, for example. 

The rate of administration of curare was 
governed by close observation of the respira- 
tory status of the patient and by a deter- 
mination of the depth of akinesia at any given 
moment. To ascertain the latter, the patient 
was asked to perform some task that re- 
quired muscular effort, such as squeezing the 
anesthesiologist’s hand. Immediately prior to 
the operation, | examined the patient's abil- 
ity to squeeze the eyelids and to rotate the 
eves in various directions. 

No operation was commenced until the 
muscular response of the patient to a com- 
mand to look up was completely paralyzed 
insufhcient 
curare the 10- 
minute period of induction to bring about 


or severely incapacitated. If 


had been administered in 
this degree of akinesia, the operation was 
delayed until the desirable degree was ob- 
tained. 

The ages of these patients represented a 
reasonably good cross section of the age 
distribution among adults on whom opera- 
tion for cataract is ordinarily performed. In 
64+ percent of the 138 operations, the pa- 
tients were between 60 and 80 years of age. 
The youngest patient was aged 32 years and 
the oldest 92 years. 

No attempt was made to select a type of 
cataract to be extracted under the plan of this 
study. In about 10 percent of the patients, 
the cataracts the which 
relatively poor surgical results might be 


were of type in 
anticipated from the standpoint of comple- 
tion of the operation without accident or com- 
plication and from the standpoint of restora- 
tion of useful sight. 

Included were cataracts that complicated 
such diseases as uveitis, cataracts associated 
with atrophy of the iris and posterior syne- 
chias, hypermature and morgagnian cata- 
racts, those associated with secondary glau- 
coma, and cataracts extracted after previ- 
ous operations for glaucoma. 


RESULTS 


Karly in the course of the study, it was 
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found that some patients could not tolerate 
the curare as it was administered intra- 
venously. Since one of the main objectives 
of this study was to evaluate the ability of 
curare to produce akinesia, the cases in which 
curare failed were carefully studied. 

Any restlessness of the patient and any 
ocular movements during operation were 
considered to constitute poor akinesia. Any 
difficulty during the period of induction that 
made it impossible to proceed with the op- 
eration was also considered as unsatisfactory. 

Results in the following cases were con- 
sidered to be unsatisfactory : 

REPORT OF CASES 

Case 1. The patient was a 72-year-old woman; 
4.0 cc. (12 mg.) of curare was given over a six- 
minute interval immediately preceding operation. 
The operation required 11 minutes. 

Akinesia was unsatisfactory throughout the sur- 
gical procedure; respiratory distress was so pro- 
nounced that 0.5 mg. of neostigmine was given in- 
travenously on completion of the operation. 

Case 2. The patient was an 81-year-old woman; 
3.0 cc. (9.0 mg.) of curare was given in a two- 
minute period. 

Respiratory distress was so extensive that arti- 
ficial respiration by forced oxygen pressure was 
required. When the patient was resuscitated, the 
operation was performed. Profound paresis of up- 
ward and downward rotation of the eves and of the 
orbicularis oculi was present at the beginning of the 
operation. 

Case 3. The patient was a 59-year-old woman; 
5.0 cc. (15 mg.) of curare was administered in a 
period of five minutes. Good ocular akinesia was 
noted objectively, but the patient was apprehensive 
and restless. 

Case 4. The patient was a 61-year-old man; 4.0 
ce. (12 mg.) of curare was administered in a period 
of five minutes. So much respiratory distress de- 
veloped that it was necessary to administer neostig- 
mine and artificial respiration by forced oxygen. 
The surgical procedure was completed but loss of 
vitreous occurred. 

Case 5. The patient was a 46-year-old woman; 
3.0 cc. (9.0 mg.) of curare was administered in a 
period of five minutes. Great respiratory distress 
developed, but neostigmine or oxygen was not re- 
quired. 

Case 6. The patient was a 69-year-old woman; 
25 cc. (7.5 mg.) of curare was administered, re- 
sulting in pronounced paresis of upward rotation 
of the eye and moderate paresis of downward rota- 
tion. No weakness of the orbicularis oculi was 
noted 

Objectively, the respirations appeared adequate 
but the patient complained so bitterly of inability 
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to get her breath that administration of curare was 
discontinued. The patient’s speech did not seem to 
be affected. 

A successful combined intracapsular extraction 
of the lens was then accomplished with the aid of 
an injection of procaine into the parotid plexus of 
the facial nerve (O'Brien's technique). 

A second operation for cataract was performed 
almost a year later. Again, after administration of 
2.5 ce. of curare, the patient experienced so much 
respiratory distress that administration of the drug 
was discontinued and the operation was completed 
with the patient under thiopentol sodium anesthesia. 

Case 7. The patient was a 68-year-old woman; 
15 cc. (45 mg.) of curare was administered 
over a period of five minutes. So much respiratory 
difficulty developed that administration of the drug 
was discontinued and the operation was completed 
with the aid of injections of procaine hydrochloride 
into the retrobulbar space and parotid plexus of the 
facial nerve. 

Case 8. The patient was a 77-year-old man; 3.0 
ce. (9.0 mg.) of curare was administered over a 
period of nine minutes. Respiratory collapse oc- 
curred, and the patient was revived by administra- 
tion of oxygen under pressure and of neostigmine. 

The operation was completed with the aid of an 
injection of procaine into the retrobulbar space and 
the parotid plexus of the facial nerve. Preopera- 
tively, the patient had been known to have atelecta 
sis of one lung. 

Case 9. The patient was a 61-year-old woman; 
3.0 cc. (90 mg.) of curare was administered 
slowly during a period of 10 minutes. Respiratory 
distress threatened and pronounced paresis of up- 
ward rotation of the eye and moderate paresis of 
downward rotation were noted. No weakness of 
the orbicularis oculi was visible 

\kinesia was supplemented with an injection ac- 
cording to the technique of O'Brien. The patient 
was known to have asthmatic bronchitis. 

Case 10. The patient was a 69-year-old woman; 
4.0 cc. (12 mg.) of curare was administered. Aki- 
nesia was incomplete, for the patient moved the 
eye during the operation 

Case 11. The patient was a §4-year-old man; 5.0 
ec. (15 mg.) of curare was administered, but the 
patient was still able to squeeze the eyelids and 
akinesia was considered to be incomplete. 

Case 12. The patient was a 55-year-old woman; 
4.0 cc. (12 mg.) of curare was administered, but 
akinesia of the eye and eyelids was incomplete. 


Analysis of the data in these 13 instances 
of unsatisfactory akinesia involving 12 pa- 
tients points to several explanations for the 
failure of this method. In the first five cases, 
it was considered that the patients received 
an overdose of curare. The drug was given 
either too rapidly or in too large an amount. 

In three of these (Cases 1, 3, and 5), a 


second operation for cataract was performed 
with successful results using intravenously 
administered curare. This indicate 
that the unsatisfactory akinesia was not 
caused by any peculiarity on the part of the 
patient. In Cases 1 and 3, a smaller amount 
of curare was given at the second operation 
than at the first. In Case 5, the same amount 
of curare was given on both occasions, but 


would 


it was given at a slower rate during the sec- 
ond operation. 

In Cases 6 and 7, only small amounts of 
curare were administered yet difficulty oc- 
curred ; these cases were classed as examples 
of undue sensitivity to the drug. Since flaccid 
paralysis was not extensive, it did not appear 
likely that latent myasthenia gravis was pres- 
ent in these instances. Perhaps the curare 
had some effect on the central nervous sys- 
tem in these individuals. 

In Cases 8 and 9, the patients were known 
to have respiratory difficulty prior to ocular 
operation. Curare apparently greatly ag- 
gravated their respiratory embarrassment. In 
several other patients who had asthma, suc- 
cessful operation for cataract was carried 
out when curare was administered intra- 
venously. However, in these latter cases the 
drug was given with great caution and even 
then the patients were on the verge of 
respiratory distress. 

Cases 10, 11, and 12 apparently were ex- 
amples of great tolerance to the drug. Satis- 
factory akinesia of ocular rotation could not 
be accomplished with the dosage used in these 
cases. The anesthesiologists were reluctant 
to give more than 12 to 15 mg. of curare in 
the period of induction. They considered 
that the safe limits of administration were 
exceeded when doses larger than 9.0 to 12 
mg. (3.0 to 4.0 cc.) were given initially. 

On many occasions, it was noted that the 
patients had a sense of suffocation or a feel- 
ing that they could not draw a breath during 
the period of induction. This phenomenon 


usually occurred even in the presence of ade- 
quate respiratory excursions. 
It was considered that this sensation must 
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be produced by some effect of the curare 
on the central nervous system for, except in 
those cases listed previously, the difficulty 
disappeared when the patients were told that 
the drug was prone to produce such an effect 
and were assured that their respiratory status 
was satisfactory. Since this subjective dis- 
tress did not interfere with the operation or 
cause restlessness on the part of the patient, 
it was not regarded as a manifestation of 
unsatisfactory akinesia. 

Vitreous was lost during eight of the 138 
operations (six percent). In two (Cases 3 
and 4), it was considered that unsatisfac- 
tory akinesia was responsible for this loss, 
because of the restlessness of the patient. In 
the remaining six cases, other factors were 
responsible. 

In an earlier paragraph it was pointed out 
that the operation was not commenced until 
a certain degree of akinesia of upward rota- 
tion of the eye was attained. Thirty-eight 
percent of the patients were considered to 
have pronounced weakness of upward rota- 
tion; in the remainder (62 percent), this 
function was completely lost in response to.a 
command to look up. 

It soon became evident that ability to look 
downward and to squeeze the eyelids was not 
affected as much as upward gaze. Although 
this difference was not great, there appeared 
to be less effect on the orbicularis oculi than 
on downward gaze. In only two patients was 
total simultaneous paresis of all three func- 
tions noted, 

The amount of curare and the rate of ad- 
ministration required to bring about the de- 
sired degree of akinesia were quite variable. 
The smallest dosage required to bring about 


satisfactory akinesia was 2.0 cc. (6.0 mg.). 
In 66 percent of the cases, between 3.0 ce. 
(9.0 mg.) and 4.0 cc. (12 mg.) was required. 


The average for the entire group was 3.5 ce. 
(10.5 mg.). In six cases, more than 5.0 cc. 
(15 mg.) was given but in these instances it 
was necessary to supplement the initial satis- 
factory akinesia by additional small amounts 
of curare because of the length of the opera- 


tion and the wearing away of the effect of 
curare. 

The rate of administration was so altered 
by the respiratory status of the patient at 
any given moment that it was nearly impos- 
sible to formulate any set pattern by an an- 
alysis of the data. Administration of curare 
in the amount of 0.5 cc. per minute until the 
desired effect is attained would most closely 
approach the 
study. 

Although the degree of akinesia was not 
retested at the completion of the operation, 


average experience in this 


the impression was garnered that the effect 
of an average dose (3.5 cc.) administered 
over a period of about seven minutes per- 
sisted for approximately 20 minutes at near 
maximal degree. 

The effects would then subside in about 
10 minutes, as determined by the ability of 
the patient to squeeze the examiner's hand. 
In general, 20 minutes of akinesia was 
usually adequate to permit completion of the 
operation and return of the patient to bed. 


COMMENT 


Many of the articles about clinical aspects 
of curare refer to its early effects on the eye. 
Results of this study tend to confirm this. 
The extraocular muscles appear to be among 
the first to exhibit the paralyzing effect of 
curare. 

Not generally recognized, or at least not 
mentioned in the literature, is the fact that 
the sequence of paralysis induced by curare 
may be selective within the particular group 
of muscles concerned with ocular rotation. 
Thus, not all the skeletal muscles that con- 
trol movements of the eye and eyelid are 
affected to a like degree. 

This was demonstrated in this study by the 
fact that the ability of the eyes to rotate up- 
ward could be nearly paralyzed, yet the pa- 
tient still retained some ability to look down- 
ward and to squeeze the eyelids. This was 
a most interesting finding; its possible ex- 
planation is intriguing. 

It seems easiest to explain the differential 
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effect of curare on the function of ocular ro- 
tation in a vertical plane and squeezing of 
the eyelids on the basis of a sequence of 
paralysis of muscles innervated by different 
cranial nerves. The seventh cranial nerve, 
which innervates the orbicularis oculi, ap- 
parently was less affected by curare in the 
majority of patients than was the third 
cranial nerve and the muscles it innervates. 

To explain the differential effect on up- 
ward and downward rotation of the eye on 
this basis is somewhat more difficult. 

Since the function of looking upward is 
performed chiefly by muscles (superior 
rectus and inferior oblique) innervated by 
the third cranial nerve, whereas the function 
of looking downward also includes innerva- 
tion from the fourth cranial nerve (superior 
oblique muscle), a selective effect of curare 
between adjacent cranial nerves might be 
postulated. If this is true, it attributes to 
curare a fine peripheral gradient effect that 
may not really exist. 

Since the functions of upward and down- 
ward rotation of the eye were judged on the 
basis of response to command, the difference 
in response might be caused by some central 
effect of curare. On the basis of known 
pharmacologic facts, the former explanation 
is more plausible. 

The tendency of the eyes to roll upward 
or the inability of the patient to look down- 
ward at some crucial moment during opera- 
tion for cataract is one of the main bugaboos 
of surgeons who perform such operations. 
Because it nearly eliminates the ability of the 
eye to roll upward, curare should be a great 
boon to operative techniques for removal of 
cataract. 

Lancaster,"* as well as others, has spoken at 
various times of the importance of akinesia 
of the extraocular muscles; yet I and many 
others had considered proper akinesia of the 
eyelids to be a greater factor in reduction of 
the incidence of loss of vitreous. 

As I have analyzed the results of this 
study and have watched many curarized pa- 
tients attempt to squeeze the evelids against 


the speculum in the presence of a nearly 
immobile eye, | have changed my opinion 
as to the necessity of complete akinesia of 
the eyelids. Whenever the akinesia of the 
extraocular muscles was nearly complete, 
squeezing of the eyelids appeared to have 
little influence on the incidence of loss of 
vitreous. 

At the beginning of this study, some ques- 
tion existed as to the selection of an ocular 
test that would properly reflect the degree of 
desired curarization. Since it was desirable 
to eliminate looking upward, this function 
was selected as one test of the degree of 
curarization. It proved to be a fortunate 
selection, for this function as a response to 
command could be nearly abolished. 

It was thought that, if the patient was 
unable to roll the eye up even when coaxed 
or commanded to do so at the beginning of 
the operation, it was unlikely that this annoy- 
ing movement would occur during the crucial 
moments before and after the delivery of 
the lens. 

One of the puzzling features in this series 
of patients was a softening effect of the eves 
that appeared evident clinically but was more 
difficult to prove objectively. The eyeball 
appeared more flaccid or to display loss of 
tonus in comparison to the eyes on which | 
had operated prior to this study. This soften- 
ing effect has been noted by others. 

At first, operation on these softened eves 
appeared more difficult because a greater 
amount of traction on the lens and counter- 
pressure on the vitreous was required to 
bring about delivery of the lens. This ap- 
parently was a drawback to use of curare 
in operations for cataract but, as familiarity 
was attained with this diminished ocular 
tonus and with the altered mechanics of ex- 
traction, this difficulty was replaced by a 
feeling of security. 

At completion of this study, it was con- 
cluded that surgical results were potentially 
better when the eye was softer. More varied 
manipulations can be carried out within rea- 
sonable limits on such eyes without fear of 
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loss of vitreous than can be done on the eyes 
of patients who have not been curarized. 

On the basis of experience prior to this 
study, it was scarcely possible to maneuver 
a vectis inside the eye without fear of loss 
of vitreous. In this series, it was surprising 
to find that five cases occurred in which de- 
livery of the lens was completed with the 
vectis without loss of vitreous. 

In any evaluation of the practical applica- 
tion of curare to operations for cataract, it 
must be kept in mind that nearly paralyzing 
doses, so far as the extraocular muscles 
were concerned, were utilized in this study, 
whereas other investigators have recom- 
mended “relaxing” rather than paralyzing 
doses. 

Farquharson, reporting on his series of 70 
extractions of cataracts during which curare 
had been administered, found that it required 
between 20 and 60 units (3.0 to 9.0 mg. of 
d-tubocurarine chloride) with an average of 
44 units (6.6 mg.). 

These data agree closely with those noted 
by Roche, who found that 45 units of curare 
was the minimal dose necessary to obtain 
a quiet eye for intraocular operations. Such 
dosage is less than the average amount (10.5 
mg. or 70 units) utilized in the study being 
reported. In 15 patients who did not have 
premedication, Roche found that the paralyz- 
ing dose was 76 units (11.4 mg. of d-tubo- 
curarine chloride). 

Although a paralyzing dose might not be 
deemed necessary, its use still appears to be 
practical since it was administered in 138 
successive cases without undue complication. 
A smaller dose, such as permits only relaxa- 
tion, might have but little more effect than 
the usually administered local anesthetics. 

As already mentioned, the rate of ad- 
ministration of curare varied extensively in 
different patients and the rate was altered 
greatly according to the respiratory status of 
the patient at any moment; these variations 
make statistical analysis impossible. Never- 


theless, the impression was gained that it 
was not the amount of drug given but rather 
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the rate of its injection that was the most 
important factor in safety. 

This fact was learned chiefly by means of 
trial and error; had it been possible to apply 
the experience of the last half of the study 
to some of the initial patients, the incidence 
of cases of unsatisfactory akinesia probably 
would have been less. 

As a rough guide to those who might try 
the drug, | propose that it be administered 
intravenously at a rate not to exceed 0.5 ce. 
(1.5 mg.) per minute after an initial injec- 
tion of 1.0 ce. (3.0 mg.). 

Contraindications to administration of 
curare to patients who have cataracts are few 
but definite. Even though several asthmatic 
patients were successfully operated on, pa- 
tients who had difficulties in respiratory ex- 
change were, as a whole, extremely hard to 
I have discontinued administration 
of curare to any individual who has chronic 


handle. 


bronchitis, atelectasis, bronchiectasis, asthma, 
or pneumothorax. 

On the other hand, curare was given with- 
out complication to patients who had all 
varieties of cardiac and vascular difficulties. 
Such fibrillation, 
severe hypertension, cardiac enlargement, 


conditions as auricular 
generalized arteriosclerosis, angina pectoris, 
disease of the coronary arteries, and valvular 
cardiac disease did not prove to be contra- 
indications to administration of curare. 

from a 
practical standpoint to use of curare in opera- 


One of the obvious drawbacks 


tions for cataract is the need for someone to 
supervise the injection of the solution. In 
this study, an anesthesiologist supervised this 
phase of the procedure; however, once an 
ophthalmologist becomes familiar with the 
use and behavior of curare anyone should 
be able to administer the drug intravenously 
under the direction of the ophthalmic sur- 
geon, 

Still, this need for another person to 
supervise administration of the drug is a 
factor that may prevent general utilization 
of this method of akinesia by ophthalmol- 
ogists. Any procedure concerning surgical 
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technique in removal of cataracts that is not 
under direct control of the surgeon is a de- 
finite drawback in the opinion of many oph- 
thalmologists. 

Several publications concerning akinesia 
induced by curare include statements that a 
discussion of antidotes has no place because, 
if the drug is administered correctly, no need 
for antagonists of curare exists. No matter 
how skillfully a drug may be administered, 
instances of undue sensitivity to even small 
amounts will be encountered when it is given 
to a large enough group of patients. 

In this study one patient experienced 
respiratory embarrassment after receiving 
1.5 ec. (4.5 mg.); in several patients, it 
seemed advisable to administer neostigmine. 
The neostigmine was given in conjunction 
with artificial respiration by means of posi- 
tive pressure. Until recently, neostigmine 
was the drug most widely used as an antago- 
nist of curare, although from a pharmacologic 
standpoint it was known to have several 
drawbacks as to its specificity and reliability 
for such purpose. 

Now a commercial preparation, N-ethyl- 
N-(m-hydroxyphenyl) - N , N -dimethylam - 
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monium bromide (tensilon), is available 
that, by preliminary clinical trial, appears to 
have a more specific and faster effect against 
paralysis of peripheral muscles than any 
other drug at present. Although it has not 
been necessary to use tensilon in this study, 
it is another safety factor that insures safer 
use of curare and is of reassurance to the 
surgeon in time of need. 

Although this study was begun with some 
skepticism as to the practical value of curare 
as an aid to akinesia during operation for 
cataract, it is now considered that the drug 
is of great help in this particular phase of 
ophthalmology. Since the conclusion of this 
study, | have continued to use curare in all 
extractions of cataracts except when the 
drug is contraindicated. 

Lancaster,’* in a paper on operation for 
cataract, once said, “My aim is to receive 
a patient who cannot feel, does not want to 
and could not if he tried.” 
Curare bids fair to solve the third factor of 
Lancaster's dictum for the successful prep- 
aration of patients who are to undergo re- 
moval of cataracts. 


The Mayo Clinic. 


move, move 
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THE PRESENT TECHNIQUE AND RESULTS OF THE USE OF 
CURARE IN OCULAR SURGERY 


J. I. Barraguer Moner, M.D. 
Barcelona, Spain 


In this paper, | have summarized that 
which | have reported in former publica- 
tions, and I have added the modifications 
suggested by our experience in the latest 
500 cases of ocular surgery in which curare 
was used. 

Employing the technique of Kirby,’ I 
began to employ d-tubocurarine-chloride in 
ocular surgery in June, 1949; I used this 
akinesthetic at the beginning in a sporadic 
manner, applying it only in those cases in 
which I foresaw complications, either of a 
local or of a general kind, which seemed to 
indicate its use. Later on, I used it systemati- 
local anesthesia as the only 
in all intraocular surgical in- 


with 
akinesthetic 


cally 


terventions. 

In October, 1949,? 1 published the results 
of the first 116 cases and explained, at the 
same time, the evolutionary process of my 
ideas and concept of the indications and 
technique of administration, taking Kirby’s 
method as the starting-point, right up to the 
use of curare as the only akinesthetic, with 
anesthesia consisting of simple instillation of 
a cocaine-adrenalin solution. 

In 1950,° after observing 516 applications 
of curare, I arrived at the following con 


clusions: 


1. Curarine is an effective help in intra- 
ocular surgery. 

2. No important 
when the necessary precautions are taken. 

3. It 
that would not be possible if local akinesia 


accidents can happen 


allows intraocular manipulations 


Eprror’s Nore: It must not be assumed by the 
reader that the approach to general akinesia and 
the use of curare can be made in a casual manner 
even though the evidence is mounting that curare 
akinesia yields results which may not be achieved 
otherwise. The reader is urged to study the cautions 
dealt with in the articles on curare by Kirby and 
others. 
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were employed. 

4. It controls passive uveal congestion. 

5. It spares the patient the side effects 
caused by local akinesia. 


In 1951, I reported 1,000 cases* and de- 


scribed the technique of administration, 
which had been perfected with the help of 


Escuin Vera.° 
EARLIER TECHNIQUE 

This technique was described as follows: 

Previous preparation of the patient was 
the same as is routinely done, then curare 
was injected intravenously at the rate of 
2.5 to 3.0 mg. in the course of the first 
minute. After administering this dose, I 
waited for a minute, during which | ob- 
served the ocular signs of the progress of 
the curarization. The injection was then con- 
tinued at the rate of one mg. per minute until 
I obtained a deep sigh, which, according to 
Escuin, may be interpreted as a loss of 
diaphragmatic tonus, or until palpebral 
ptosis set in, indicating the beginning of 
the paralytic phase. 

Before I began the operation, I waited for 
another two minutes to make sure that the 
drug had reached its highest effect. 

I encountered no serious accidents in any 
of these cases and only in approximately 
three to five percent did I observe a begin- 
ning of anoxia, which made the use of pro- 
stigmin (0.25 to 0.5 mg.) necessary for half 
the number of these cases, and which in no 
case prevented me from carrying out the 
surgical intervention in a normal manner. 


ACTUAL TECHNIQUE (1952) 

During the second half of 1951, Dr. Mar- 
ten-Ellis thought that the occasional or rare 
cases of anoxia that I had observed were 
due to the initial dose of 2.5 to 3.0 mg. of 
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curare being injected in the course of the 
first minute and advised me to carry out the 
injection from the beginning at a rate of one 
milligram per minute, until the desired de- 
gree of muscular atony was reached, 

The actual technique is, therefore, identi- 
cal to the one described in 1951 so far as 
preparation and anesthesia of the patient 
are concerned. The only change consists in 
a modification of the administration rate of 
curare, which has been fixed at one milli- 
gram per minute from the beginning of the 
curarization., 

With this technique the doses of the drug 
administered are considerably higher (about 
1.0 or 2.0 mg. more). The number of cases 
in which there is any sensation of anoxia has 
decreased remarkably, to less than three per- 
cent (according to the series ). 

The needle is left in its intravenous posi 
tion during all the operation in order that 
small doses of the drug may be injected in 
case the operation ts drawn out or if it be- 
comes necessary to obtain a deeper akinesia 


at a certain moment, 


DosAGe 


doses which have been necessary 


The 
range between 3.0 to 25 mg., according to 
the patient's condition and to the time needed 
for the operation. 

There is no fixed dosage in the use of 
curarine. This is an individual problem 
which is governed by the degree of atony 
necessary to carry out the intervention. The 
drug is always injected intravenously and at 


the rate of one milligram per minute. 


DURATION OF THE AKINESIA 


Once a satisfactory degree of akinesia has 
been obtained, muscular hypotony lasts for 
about 15 minutes after the administration of 
the drug has been interrupted. The akinesia 
may be drawn out for more than an hour, 
if necessary, by injecting fractions of a milli 
gram during this time, the akinesthetist being 


guided herein by the svmptoms that will be 


described later on. 


NORMALIZATION OF THE TONUS 

The patient’s recovery is spontaneous and 
fast; the systematic use of prostigmin after 
the operation is not necessary and should be 
formally outlawed; it is a possible cause of 
physical uneasiness for the patient and also 
prevents one from taking full advantage of 
his technique. The persistence of a certain 
degree of akinesia during the patient's trans- 
port from the operating room to his bed, 
and of a certain relaxation during the first 
minutes of the postoperative period, are both 
excellent means to prevent postoperative 
complications. 

In some recent cases, | have injected 30 
to 60 mg. of an oily solution of d-tubo- 
curarine-chloride intramuscularly toward the 
end of the operation, in order to make the 
postoperative atony last longer, but my ex 
perience (although favorable) is still not 
sufficient to allow me to arrive at any definite 


conclusions. 


RELAXING ACTION OF D-TUBOCURARINI 

The main pharmacologic action of curare 
is of a muscle-relaxing nature, with a pre 
dilection for the periocular muscles, which 
are first affected. 

The progress of curarization is character 
ized mainly by the disappearance of muscular 
tonus and then, as the dose is increased, by 
atonic paralysis ( Rijlant).° 

The ocular-surgical phase lies between 
the disappearance of muscular tonus and the 
appearance of the first paralysis (ptosis), 
although it is generally not necessary to go 
this far. Later, a systematic disappearance 
of the tonus of all the muscles of the body 
is observed, which gives the patient a feel- 
ing of relaxation. This is very favorable for 
complete physical rest which, in turn, pro- 
duces psychic rest. Atony of the muscles of 
the various parts of the body, of the tonus, 
and of the abdominal wall are the cause for 
the decrease of venous tension, one of the 
which 


main advantages of curarization, 


until now could not be obtained with any 
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other method permitting the use of local 
anesthesia. 

Manometric measurements carried out 
with the manometer of Lester Cohen have 
shown that the venous tension in the vena 
mediana is reduced to approximately 50 
percent of its value at the beginning with 
the dosage I employ in ocular surgery. 

As a consequence of the disappearance of 
the tonus and of the paresis of the perioc- 
ular muscles, local akinesia, which ts so very 
necessary in intraocular surgery, is obtained. 

As a consequence of the decrease of the 
and choroidal 


venous orbital 


depletion occur and produce a certain ir- 


pressure, an 


reversible degree of hypotension that 1s 
maintained as long as the drug has its effect. 
$y putting the patient in a slightly slanting 
position (head higher than feet), a greater 
depletion of the cephalic vein is obtained, 
1)-tubocurarine-chloride does not act 
upon the irido-ciliary muscles, a facet that 
has been recently checked by Luelmo,’ who 
experimented with auto-injections of curare. 

Although the drug has no direct effect on 
the pupil, the orbital venous depletion, with 
the accompanying strong hypotension, brings 
on a behavior of the pupil that, on first sight, 
might be considered paradoxical. In fact, the 
anterior chamber of a curarized eye is opened 
and when the aqueous humor flows out, the 
pupil dilates instead of contracts. 

This fact may be easily explained when 
it is taken that the cocaine- 
adrenalin, employed for anesthesia, has not 
vet taken a sufficiently full effect to provoke 
mydriasis, but causes the dilatation of the 


into account 


pupil after the incision. 

On opening the anterior chamber of a non 
curarized eve, the crystalline lens moves a 
little bit forward, thereby increasing the 
tension on the iris, which reacts by con- 
tracting the pupil. If we take, on the other 
hand, a curarized patient and open the an- 
terior chamber, the crystalline lens moves 
backward, leaving the iris floating in the 
anterior chamber; the cocaine and adrenalin 


may then exercise their mydriatic effects. 
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It is in this way then that curarization, by 
causing the disappearance of the tonus, as 
well as by producing paresis of the peri- 
ocular muscles and decrease in venous ten- 
sion, brings such a degree of quietude and 
steadiness to the ocular globe as could never 
be obtained by the effects of local akinesia 
alone (retrobulbar, facial akinesia, and so 
forth). 


TECHNIQUE OF ADMINISTRATION (1952) 


With the following technique, I have al 
ready gathered experience in some 500 cases 
(bringing the total number to 1,500. T had 
previously reported 1,000 cases ). 

On the night before the intervention a 
regulator of the neurovegetative system is 
given (for example, two tablets of Bellergal 
—one tablet of Bellergal contains 0.0001 
gm. of belladonna-alkaloid, 0.0003 gm. of 
ergotamine, 0.02 gm. of luminal [phenobar- 
bital]), followed by a soporific drug (for 
example, 0.10 gm. of nembutal or luminal). 
This dose is repeated on the following morn- 
ing, two hours and one hour before the 
operation. 

In the case of nervous patients, the dose 
of the soporific drug should be increased 
accordingly and patients affected by any 
bronchial secretion should be given one half 
to one mg. of atropine sulfate by subcutane- 
ous or intramuscular injection. 

Fifteen minutes before operation, when 
the patient is already in the anteroom of 
the operating room, an adrenalized four 
percent solution of cocaine is dropped into 
both eves every three minutes. At the same 
time, while the asepsis of the eyelids is be 
ing carried out, the fornices of the conjunc 
tival sacs are irrigated and drugs acting on 
the pupil are instilled, when and if neces 
sary. 

Once the patient is inside the operating 
room, the cocaine solution, hitherto given in 
a four-percent solution, is employed in a 
more concentrated solution (six to 10 per- 
cent), which is instilled into the eve to be 
operated at the same interval as before, until 
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the moment the operation is begun, that is, 
10 to 12 minutes later. At the same time, 
intravenous injection of curare is begun. 

In cases in which several operations on 
the iris have to be performed, as well as in 
those in which | suspect the zonule to be 
resistant, also when the globe is inflamed 
or when the ocular tension is high, the an- 
esthesia should be made more intense by a 
subconjunctival or retrobulbar injection of 
novocain. 

To carry out the injection of curare in 
travenously, syringes with a graduated, mag- 
nified scale, like those used for insulin, are 
very useful, as they permit an exact con- 
trol of the dosage. 

Ten mg. of curare in solution are now 
drawn up into the syringe, the needle is in- 
serted in the v. mediana and then fixed in 
its position by a band of adhesive tape; the 
same should be done with the syringe. 

The injection is then carried out at the 
rate of one milligram per minute, until the 
required depth of akinesia is reached. As 
soon as this moment arrives, the interven- 
tion may be begun. (Couadau and Campan* 
are of the same opinion). The needle should 
remain in place during the whole operation 
in case it should become necessary to admin- 
ister more curare. 

The administration of oxygen in an open 
circuit 1s recommended to compensate for 
the repiratory deficiency. The easiest way 
of giving it consists in connecting a rubber 
tube to the oxygen container and fixing the 
tube with a pair of pincers to the sheet 
COV ering the operative field, the tube opening 
being under the sheet, which ts thus used as 
a tent. An adequate rate of oxygen adminis- 
tration is 12 liters a minute. 

Oxygen administration is not absolutely 
necessary, but now that I have begun using 
it, I go on doing so. It is recommended even 
in cases without curarization to alleviate the 
purely subjective reactions caused by the 
closure of the operating field. 

In hyperemotional patients who come to 
the operating room before the necessary de- 
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gree of sedation has been obtained, I rec- 
ommend giving a barbiturate intravenously 
or, if there is no barbiturate, some morphine 
or a substitute of the demerol type, which, 
in my experience, if it has been manufac- 
tured recently and is given with a syringe 
which is not warm, does not produce any 
postoperative vomiting. 


SIGNS IN SURGICAL CURARIZATION 


Both surgeon and akinesthetist may at 
any given moment observe the degree of 
curarization in the patient without interfer- 
ing with each other, the former judging it 
by the ocular, the latter by the respiratory 
symptoms and signs; the greatest attention 
should be given to the latter. 


A. OcuLAR SYMPTOMS 


1. Higher degree of mobility of the globe 
in the orbit as tested by moving the globe 
with the blunt end of any instrument. 

2. Nystagmoid movements are tested by 


ordering the patient to look in this or that 
direction. The first muscle to be affected is 
the internal rectus. 

3. Paresis of the orbicularis muscle of the 
eyelids is tested by pulling at the upper eye- 
lid with an elevator, the suppression of the 
tonus being so evident that no confusion is 
possible. 

4. Ptosis is tested by ordering the patient 
to keep both eves open and to look up. The 
appearance of ptosis indicates the upper limit 
of curarization that should be obtained. It is, 
however, unnecessary to reach this point to 
have satisfactory akinesia. 

B. ResPiRATORY SYMPTOMS 

The interpretation of these has been sub- 
ject to several changes according to the 
modification of the administration technique. 

1. Cessation of intercostal respiration is 
tested by simple observation or palpation. 

2. Modifications of the diaphragmatic 
rhythm. 

The respiratory rhythm is frequently ir- 
regular at the beginning of curarization. 


CURARE IN OCULAR SURGERY 793 


When the costal respiration disappears, the 
diaphragmatic action goes on but is some- 
what irregular in depth as well as in fre- 
quency. It becomes normal as the drug takes 
its effect. 

Regularity of both frequency and depth 
of the diaphragmatic movements indicates 
that the moment for the surgical phase has 
come. Decrease of the depth of regulator 
diaphragmatic movements indicates that ad- 
ministration of the drug should be inter- 
rupted; increase of depth indicates that it 
is time to inject another milligram of curare 
but not more than one mg. per minute. 

The akinesthetist may thus, by simple ob- 
servation of the diaphragmatic movements, 
adapt the akinesia to the surgical stage 
without hindering the surgeon in his work. 
(The diaphragmatic movements are deter- 
mined by simple observation through the 
sheets that cover the patient or by palpa- 
tion of the epigastric region. ) 


RESULTS OF GENERAL AKINESIA 


The direct results of the excellent akinesia 
and hypotension produced by curare are: 

1. Simplification of all operative manip- 
ulations. 

2. Decrease in the number of accidents. 
All operative accidents show a decrease in 
frequency and seriousness, especially in the 
losses of vitreous which, when local akinesia 
was used, amounted to four to six percent, 
and which, with curare, have been brought 
down to one to two percent. In several series 
of 100 cases each, there has not been even 
a single slight hyaloid rupture. 

Curarization appears to be the most effi- 
cient way to safeguard against an expulsive 


hemorrhage, a complication once faced with 
a feeling of helplessness, 
INDICATIONS 

In all intraocular interventions—cataract 
extraction, antiglaucoma interventions, kera- 
toplasty (whether penetrating or not )—and 
in removing corneal or of corneoscleral su- 
tures in uncooperative patients, curare akine- 
sia is indicated. 

There are no contraindications to using 
curare in the same patient several times 
within a few successive days, and we have 
even done it twice on the same day. 


PRECAUTIONS 

In addition to those patients who suffer 
from myasthenia, the ones who are over- 
weight and who have a short and fat neck 
are those who require the utmost care. In 
two cases, I have observed anoxia before the 
surgical stage of akinesia was reached, It 
was then necessary to resort to general an- 
esthesia with sodium-pentothal. 

Physical weakness does not seem to be a 
contraindication ; these patients behave and 
recover perfectly well but usually require 
a smaller dosage. 

CONCLUSION 

It seems evident that general akinesia, as 
produced by curare with local anesthesia, 
has made possible real advances in ophthal- 
mic surgical technique and is capable of 
producing better results in all interventions 
on the ocular globe. 

Experiences with my modified methods 
of administration are in agreement with 
those of Kirby.® 
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VISUAL SKILLS AND THEIR RELATION TO 
SCHOOL ACHIEVEMENT* 


C. Keruart, Pu.D. 
Lafayette, Indiana 


For a number of years the Occupational 
Research Center at Purdue University has 
been interested in the problem of the rela- 
tionship of visual skill test scores to success 
performance of industrial jobs. 
field 


in the 


Studies in this have resulted in the 


analysis of well over a million visual skill 


tests of industrial employees. 

Recently, much interest has developed in 
the study of similar problems and relation- 
ships among children in schools. Our phi- 
losophy has been to approach the problem 
in the school situation in much the same 
manner in which we approached it in the 
industrial situation. 

The school child can be thought of as 
being engaged in a task which is not dis- 
similar in many respects to the task in 
which the industrial worker is engaged. The 
similarity is perhaps most striking when we 
compare task with that of the 


clerical worker in industry. Following this 


the school 


line of 
school work as another example of a job 


reasoning We decided to consider 


and to treat visual tests of school children 
in exactly the same manner as we had pre- 
viously treated visual tests of industrial em 
ploves. 

The first facet of the problem involved 
the question of the distribution of vision 
test scores among the school population. Is 
the visual skill level among school children 
generally higher or lower than that in an 


* From the 


Psychology, Purdue University 


Division of Education and Applied 


industrial population? Is the frequency of 
children, whose test scores would indicate 
that their vision is not adequate for their 
task, great enough to warrant extensive 
study 

As a beginning on the study of this facet 
2,200 school children in 


grades three through 12 were given a battery 


of the problem, 


of visual skills tests. This battery was that 
incorporated in the Ortho-Rater,. an in 
strument which has been widely used in the 
testing of industrial employees. 

The Ortho-Rater battery includes tests of 
12 visual skills. At a distance optically equiv- 
alent to 26 feet, tests are included for ver- 
tical and lateral phoria, acuity of both eyes, 
right eve alone and left eve alone, depth 
perception, and color disermination. At a 
distance optically equivalent to 13 inches, 
tests are included for acuity of both eves 
and of each eye separately, vertical and 
lateral phoria. 

Distributions were made of the test scores 
of these school children for each of the 
12 tests in the battery. These distributions 
were then compared with similar distribu- 
tions of scores made by 7,655 industrial em- 
plovees. 

This comparison indicated that in each 
of the tests, the distribution of scores of 
school children was strikingly similar to that 


* The Ortho-Rater is a visual testing instrument 
manufactured by the Bausch & Lomb Optical Com 
pany, Rochester, New York, for the visual classi 
fication and placement of industrial employees 
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This 


would indicate that the proportion of school 


of scores from industrial workers. 
children whose vision-test scores are below 
standard is as great as the proportion of 
industrial workers whose scores are below 
standard. 

The binocular acuity tests will serve to 
illlustrate these results. Figure 1 shows the 
distribution of scores made by the two 
groups on the binocular far acuity test. These 
are cumulative percentage curves. 

Along the base line are the scores on the 
acuity test (the Ortho-Rater acuity tests 
have 15 steps). Along the vertical axis are 
indicated the percent of individuals scoring 
at or below each of the indicated score 
levels. 

It will be seen from Figure 1 that the 
curves for the two groups tested are very 
close together. There is no evidence of a 
significant difference between the two 
groups. If anything, the school group is 
just slightly lower than the industrial group. 
However, as we have stated, this is not a 
significant difference. These curves do in- 
dicate that the frequency of lowered far- 
acuity scores is as great among the school 
children as it is among the industrial pop- 
ulation. 

Figure 2 shows the two similar curves 
for scores on the binocular near-acuity test. 


We frequently think of low near acuity 


100 


—" 
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Fig. 1 (Kephart). Distribution of scores on 
binocular far-acuity test of school children com 


pared with that of industrial employees 


ACHIEVEMENT 


—7659 Industrial Workers 
.-+2200 Schoo! Children 


j 


NEAR ACUITY SCORE (BOTH EYES) 

Fig. 2 (Kephart). Distribution of 

binocular near-acuity test of school children com- 
pared with that of industrial employees. 


scores on 


scores as being primarily a phenomenon of 
the older age groups. We think of middle 
age and the onset of presbyopia when near 


acuity difficulties are mentioned. This figure 


shows quite strikingly that this is not the 
case and that, in fact, there are as many 
children with low near-acuity scores as 
there are adults in the industrial population 
with low near-acuity scores. 

In this near-acuity chart, the curves from 
the two groups are almost exactly identical 
indicating that the distributions of such 
scores are identical and that difficulties aris- 


ing from low near-acuity scores are as 
frequent in children as they are in adults. 

These near-acuity scores are of particular 
interest in the school situation since the 
school task is essentially a near-point task. 
Beginning at about the fifth grade and con- 
tinuing throughout the remainder of his 
school career, the child is required to spend 
a major portion of his time in critical near- 
point seeing. 

He must read large quantities of material, 
not as he did in the first three grades, to de- 
velop the reading skill itself, but to gather 
rapidly and accurately the content of the 
printed page. He finds that he must write 
more and more material and must analyze 
diagrams and drawings. As a matter of fact, 
we find a characteristic change in the child’s 
visual this 


adjustment corresponding — to 
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fourth or fifth grade level where he com- 
pletes the development of the educational 
tools and begins to use these tools to further 
his knowledge.? 

Thus from grade five to grade 12, the 
child experiences an environment in which 
the near-vision skills become increasingly im- 
portant. As we see from this figure, he is 
no better equipped to cope with this near- 
point task than is the adult industrial em- 
ployee. 

Nor does the customary visual test, so fre- 
quently administered in schools, give us 
much help in identifying those children who 
have lowered near-point skills. The test 
most frequently used is the Snellen chart. 
The test is a letter chart designed to be ad- 
ministered at a distance of 20 feet. As such, 
it measures far-point skills only. 

Tiffin,? Giese,* and others have pointed out 
statistically, and clinical practice has indi- 
cated repeatedly, that the relationship be- 
tween far-acuity scores near-acuity 
scores is very low in the adult population. 
Knowledge of an individual's far-acuity 
scores helps us very little in determining his 
ability at the near point. What is true of the 
adult population is also true of the school 
child population. 

In a study of 2,181 test scores of school 
children, the correlation between binocular 
acuity scores at the far point and binocular 
acuity scores at the near point was found to 
be 0.55. This coefficient is sufficiently high to 
indicate that a relationship does exist be- 
tween tests at the two distances. It is not, 
however, high enough to permit prediction 
of one ability from the other. 

If we knew the distance score, our esti- 
mate of the near score would be improved by 
16 percent over a “best guess.” In other 
words, if we merely guessed the near-point 
score, we could improve our accuracy only 
16 percent by having knowledge of the far- 
point scores. 

Among these 2,181 school children, there 
were 541 who were below standard in near 
acuity. Of this number, 42 percent were 
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above standard at the far point. If only a 
far-point test were administered, this latter 
group would not have been identified. In 
other words, 42 percent of the children who 
need help will be passed over and given no 
attention if only the customary far-point test 
is administered. 

School work is primarily a near-point task 
and, therefore, near-point visual skills as- 
sume greater importance. Since a far-point 
test will not adequately predict near-point 
ability, it follows that any visual test for use 
with school children must include tests at the 
near distance. 

The importance of the problem of visual 
skills in the industrial situation has been 
recognized for some time. It has been agreed 
that the number of industrial employees 
whose visual skills are below the require- 
ments of the job on which they are employed 
is of sufficient magnitude to constitute a 
major area in which help should be made 
available. From the figures just mentioned 
we can conclude that the problem among 
school children is of equal magnitude. 

Numerous studies of industrial employees 
whose scores are below minimum standards 
for their job has revealed that between 40 
and 50 percent of the industrial population 
is visually handicapped on their jobs. One 
study of 2,420 industrial employees gave 47 
percent whose scores were below standard. 
When one of the same minimum standards 
(clerical and administrative) was applied to 
the test scores of 6,223 school children, 50 
percent of the children had scores which 
were below the standard. Here, again, we 
see how similar the problem is in the two 
groups. 

Approximately half of the children in our 
school systems are visually poorly equipped 
for their tasks. Surely this is a large enough 
percentage to constitute a very real challenge 
to both educators and the ophthalmic profes- 
sion. 

Of most immediate concern to the edu- 
cator, however, is the problem of increasing 
the achievement level of the child in the 
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school situation. His primary question is 
“Can a relationship be demonstrated between 
these vision test scores and school achieve- 
ment ?” Here again the problem was attacked 
by the same methods which had previously 
been used successfully to attack the problem 
of the relationship between visual skills tests 
and success on industrial jobs. 

Each of the visual skills tests was com- 
pared with measures of school achievement, 
in most cases the Stanford achievement test, 
either the total score or a subtest score. For 
each test a cutoff score was identified such 
that a larger proportion of the children scor- 
ing above this point were high achievers and 
a lower proportion of children falling below 
this point were high achievers. By this 
method, such a cut-off point, or in the case 
of the phoria tests, two such points (one on 
either end of the scale), was identified for 
each of the 12 tests in the battery. These cut- 
offs were then assembled into a minimum 
visual-standard profile which included the 
cut-offs on each of the separate skills tests. 

The profile which resulted from this pro- 
cedure is shown in Figure 3. Each row of 
digits on this figure represents the possible 
test scores on one of the tests in the Ortho- 
Rater battery. The score areas within the 
heavy lines represent score values below the 
cut-off points. When an individual is tested, 
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Fig. 3 (Kephart). Minimum visual skills test 
profile desirable for success in school achievement. 


250 POLYTECHNIC HIGH SCHOOL STUDENTS 


READING SCORE ABOVE|/RESDING SCORE BELOW 
GRADE SvVERAGE GRAM SvERAGE 


MEET VISUAL 
STANDARDS (94) 66% 54% | 
72% 


DO NOT MEET 
STANDARDS (156) 


~ 


| 28% 


Fig. 4 (Kephart). Relationship between visual 
skills test scores and reading achievement. 


the scores which he makes are recorded on 
this same form. If at any point his score 
falls inside the heavy lines, his visual skills 
are below the standard. If all of his scores 
fall outside the heavy lines, his visual skills 
are above the standard. 

This profile, as might be expected, is iden- 
tical with that developed for clerical and 
administrative jobs in industry. Since both 
of these standards were developed inde 
pendently but by the same method and since 
they are identical, we have a further indica 
tion of the visual similarity between the 
school task and the tasks performed by the 
clerical worker in industry. 

This visual skills standard was used in 
evaluating the visual test scores of 250 stu 
dents in a polytechnic high school on the 
west coast. On the basis of his visual test 
scores, each student was classified as meeting 
the visual standard or not meeting the visual 
standard. Also available for these students 
were scores on a standard test (Tiegs) of 
reading achievement. 

On the basis of these scores the students 
were again divided into those who were 
above average for their grade in reading 
achievement and those who were below aver- 
age for their grade in reading achievement. 
The results of the visual classification were 
then compared with the the 
achievement classification. Figure 4 shows 


results of 


the findings. 

Among those students who met the visual 
standards, 46 percent were above their grade 
average in reading achievement. Among 
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Fig. 5 (Kephart). Effect of professional assist- 


ance with visual skills on school achievement. 


those students who did not meet the visual 
standards, however, only 28 percent were 
above their grade average in reading achieve- 
ment. The difference in percent of the group 
above grade average in achievement was 18 
percent in favor of the group who met the 
visual standards. This difference has a t- 
value of 2.92 and is therefore statistically 
significant. This is one example of the rela- 
tionship which exists between visual test 
scores and school achievement. 

A similar example is shown in a study of 
468 seventh grade children in a school system 
in Virginia. In this study, the teachers were 
asked to rank their pupils in terms of over- 
all school achievement. These rankings were 
used as the criterion. The school achievement 
profile was then used to determine the visual 
skill status of each pupil. 

Among those pupils whose vision was 
adequate, 56 percent were in the upper half 
of their classes as rated by their teachers. 
Among those students whose vision was not 
adequate, however, only 47 percent were in 
the upper half of their classes as rated by 
their teachers. The difference in percent be- 
tween the two visual test groups (nine per- 
cent) was statistically significant, the t-value 
being 3.06. 

A slightly different approach to this prob- 
lem was taken in a study performed at the 
Colorado Industrial School for Boys.‘ All 
boys in this institution were tested with the 
Ortho-Rater battery. 

From those boys who, the survey showed, 
had visual skills which were not adequate to 
the school task, two groups were chosen. 
These two groups were so chosen that they 
were matched in TQ and educational achieve- 


ment, as measured by the Stanford battery, 
at the time of the survey. All bovs in both 
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groups were in need of help with their vi- 
sion. 

The first group, composed of 25 boys, was 
given a complete refraction by a qualified 
optometrist and whatever help was needed 
was given them (glasses, visual training, and 
so forth). The second group, composed of 
27 boys, was also given a complete refrac- 
tion by the optometrist and was treated in 
exactly the same way as the first group ex- 
cept that the corrective measures which they 
needed were not given. 

At the end of a four-month period, both 
groups were administered the Stanford bat- 
tery a second time. It was found (fig. 5) that 
the group which had received the corrective 
measures had their educational 
standing 1.2 years. The control group which 
had not received these corrective measures 
had increased their educational standing only 
0.6 years. The corrected group had pro- 
gressed twice as fast as the uncorrected 


increased 


group. 

This difference in rate of progress was 
statistically significant, the t-value 
4.92. It was concluded from this study that 
improvement of visual skills through pro 
fessional assistance leads to more rapid 


being 


progress in achievement. 

It is felt that the series of studies which 
we have discussed lead to the following con 
clusions : 

1. A significantly large number of school 
children have visual skills which are below 
the levels required for efficient performance 
of their tasks. 

2. The nature of the distribution of visual 
skill test scores among school children is not 
materially different from that found in an 
adult industrial population. 

3. A relationship can be demonstrated be 
tween the visual skill status of school chil- 
dren and their academic achievement. 

4. The of visual skills 
through professional attention leads to more 


improvement 
rapid progress in school achievement. 


Occupational Research Center. 
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EXAMINATION OF THE CORNEA WITH THE 
PHASE-CONTRAST MICROSCOPE* 


J. Francois, M.D., anp M. Raspaey, M.D. 
Ghent, Belgium 


Up to the present time very little work 
has been done on the histologic and histo- 
pathologic examination of the different 
ocular tissues with the aid of the phase-con- 
trast microscope. In addition to our personal 
studies on the lens and on the corneal dys- 
trophy in Hurler’s disease, there is only the 
work of Schwarz and Schuchardt on the 
vitreous body. 

The use of the phase-contrast microscope 
is indicated for the examination in vivo of 
the ocular tissues and in particular of cer- 
tain layers of cells—-for example, the lens 
capsule, the corneal endothelium, or the pig- 
mentary epithelium—which can be tsolated 
after fine dissection. It permits with a sur- 
prising clarity the demonstration of struc- 
tural details, which the normal histologic 
methods are incapable of showing. 

To be convinced of the advantages of this 
method of investigation, it is only necessary 
to remember the difficulties which were en- 
countered by Yap Kie Tiong (Utrecht) 
during the course of his studies on the cor- 
neal endothelium in connection with corneal 
grafting. After having described his unsuc- 
cessful efforts to render visible the endo- 


* From the Ophthalmological Clinic of The Uni- 
versity of Ghent. Supported in part by a grant from 
the Belgian Fund for Scientific Research. The 
phase-contrast microscope used for these investiga- 
tions was made by Wild and Company, Heerbrugg, 
Switzerland. It is supplied with four “phase” ob- 
jectives (Ph 7/0.20; Ph 20/045; Ph 40/0.66; 
Ph &5/1.25 immersion), and three oculars (5x, 
7x, and 10x). 


thelium in fresh corneas, the author con- 
cludes: “After all these fruitless attempts 
to obtain a picture of the endothelial cells, 
I was forced to conclude that no such picture 
exists.”” We shall see shortly it is possible 
to obtain very good pictures, thanks to the 
phase-contrast microscope. 

The fact that these reveal, without artifice, 
the true architectural structure of the refract- 
ing media of the eye, is so important because 
the transparency of these media depends to 
a great extent on structure. But the 
ordinary histologic method shows us only 
the true architectural structure of refracting 


this 


with the tissue substances, or after their 
diffuse absorption by the preparation. The 
real structural aspect is often to a great ex 
tent invisible or obscured. 

To illustrate these facts we will be able, 
with the aid of several photographs, to de- 


Fig. 1 (Francois and Rabaey). Isolated epithelial 
cells. (Left) Two superficial cells; objective 40, 
ocular X10. (Right) A basal cell; objective 85, oil 
immersion, ocular x 10. 
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Fig. 2 (Frangois and Rabaey). Epithelial cells. 
Objective 85, oil immersion, ocular x10. 


scribe the essential characteristics of the 
different parts of the cornea, which are re- 
vealed to us by examination with the phase- 
contrast microscope. 

After abrasion, the epithelial cells can be 
examined easily in isotonic serum, Figure 1 
shows the aspect of isolated cells, superficial 


4) eda 

Fig. 3 (Frangois and Rabaey). Polystyrene re- 


production of Bowman’s membrane. Objective 40, 
ocular 


- 


Fig. 4 (Francois and Rabaey). Endothelial cells. 
Objective 85, oil immersion, ocular x10. 


and deep; the disposition of the cytoplasmic 
granulations is clearly visible. 

It is, meanwhile, more interesting to ex 
amine a compact group of epithelial cells, in 
order to be able to study their reciprocal con 
nection and disposition. Figure 2 demon- 
strates very well this point of view. 

It is not possible to separate Bowman's 
membrane and that of Descemet from the 
corneal stroma. In section, these membranes 
are homogeneous. The anterior surface of the 
cornea, after removal of the epithelium, is 
not, however, completely smooth. Figure 3 
shows a polystyrene reproduction of this 
surface; a structure in mosaic, due to the 
implantation of the basal cells, is clearly 
visible. This structure probably is not due 
to Bowman’s membrane but to the basal 
membrane of the epithelium. The view of 
Descemet’s membrane after abrasion of the 
endothelium shows no structure. 

The best picture is given by the endothe- 
lium. This consists of a very fine cellular 
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Fig. 5 (Francois and Rabaey). Corneal stroma 
suspended in water. Objective 85, oil immersion, 
ocular «10 


layer which permits good contrast, even at 
great magnification. Figure 4 shows the en- 
dothelial cells suspended in the aqueous 
humor and examined with the immersion 
objective. After focusing on the nuclei, it is 
seen that the latter contain, generally, two 
nucleoles, and that their wall is clearly vis- 
ible. 

The cytoplasm contains an astonishing 
quantity of granulations of a_ variable 
volume, which constitutes the proof of an 
intense cellular activity. The impression is 
given that this cytoplasm forms a syncytium, 
but it is possible to see very easily the limits 
of the cells when focusing on the superficial 
cellular parts. 

The corneal stroma has been examined in 
section after fixation by formol and inclu- 
sion in paraffin. Figures 5 and 6 show the 
picture of an unstained preparation, very 
finely cut (2.0”) and suspended in water. 
The regular disposition of the conjunctival 
lamellae is very clear, 

It is, on the other hand, remarkable to 


Fig. 6 (Francois and Rabaey). Corneal stroma 
suspended in water. Objective 85, oil immersion, 
ocular x10. 


find that the image is completely different 
when examining a preparation mounted in 
Canada balsam or in clarite (fig. 7). With 
this mounting material, it is necessary that 
the section should be sufficiently thick (5.0,), 
if a sufficient contrast is to be obtained. 

A fine, rather irregular network is seen, 
resembling that which gives a coagulated 


Fig. 7 (Francois and Rabaey). Corneal stroma 


mounted in Canada balsam. Objective 85, oil im- 
mersion, ocular «10. 
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Fig. 8 (Frangois and Rabaey). Polystrene re- 
production of the corneal stroma, Objective 85, oil 
immersion, ocular x 10. 


muciform mass. This aspect recalls that 
which is seen with an ordinary microscope 
in the preparations in which the corneal 
mucoid has been selectively colored by 
methylene blue or toluidine blue. 

These observations show well, it seems, 
that the refracting properties of the different 
parts of the corneal stroma are of such a 
nature that the examination by the phase- 
contrast microscope of a preparation sus- 
pended in water shows principally the con- 
junctival lamellae, whereas the same prep- 
aration mounted in Canada balsam or clarite 
shows the mucoid instead. 


At this point, it is necessary to point out 
that the contrast in a given preparation de- 
pends on the difference in refraction prop- 
erties which exists between this preparation 
and the mounting material. If there is no 
difference, the preparation will be invisible. 

On the other hand, by using mounting ma- 
terials with a variable index of refraction, 
the contrast can be modified and augmented 
so as to obtain the maximum visibility for 
a given preparation and even, in the same 
preparation, for its different constituents. 

If, therefore, the preparation under ex- 
amination is composed of two constituents 
of a different index of refraction, it is pos- 
sible, by changing the mounting material, to 
give a maximum contrast and visibility to 
one of the constituents, while the other be- 
comes invisible. Taking the corneal stroma, 
for example, one should be able in that way 
to render the collagen and the mucoid selec- 


tively and separately visible. 
If, in addition, the thickness of the dif- 
fraction plate, contained in certain objectives 


of the phase-contrast microscope, is de- 
creased, as well as the size of the correspond- 
ing ring which is found in the condenser, 
the half-tones are shaded out in such a way 
as to obtain a narrow zone of maximum 
contrast, which permits a yet more minute 
differentiation of the constituents of the 
preparation. 

In conclusion, another figure, a poly- 
stvrene reproduction of the corneal stroma 
(fig. 8), is presented. It resembles the nega- 
tive image shown in Figure 6. 


2 Avenue Pasteur. 
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CLINICO-PATHOLOGY OF OCULAR FOREIGN BODIES* 


Bernarp A. Roperts, M.D., AND ABRAHAM SCHLOSSMAN, M.D. 
New York 


In this era of great industrialization the 
ophthalmologist faces the problem of dealing 
with a wide variety of intraocular foreign 
bodies. However, by the use of safety devices 
the number of accidents has been consider- 
ably reduced, and we do not obtain as many 
specimens as heretofore. With the possi- 
bility of total warfare ever lurking in the 
background, it is conceivable that the number 
of intraocular foreign bodies which the oph- 
thalmologist must treat will increase. During 
World War II, retained foreign bodies were 
found in 731 of 3,882 enucleated eyes of 
soldiers examined at the Army Institute of 
Pathology.’ 

One way of studying reactions of foreign 


bodies is to expose animal eyes to various * 


agents; but animal tissue reactions are not 
always analogous to those of humans. There- 
fore we felt that we could obtain a truer 
picture of the pathology by studying the 
material from several thousand cases col- 
lected during the past 30 years at the New 
York Eye and Ear Infirmary (where X ray 
was first used in this country for the detec- 
tion of intraocular foreign bodies). By se- 
lecting those specimens in which the foreign 
body was present in situ in the histologic 
section, we have correlated the pathologic 
with the clinical findings in an effort, where 
possible, to obtain clues in the treatment of 
similar cases. 

It is difficult to classify the types of re- 
actions which different foreign bodies induce 
because one particular agent may produce a 
somewhat different reaction in the same eye 
depending on the type of tissue involved. 
Tissues composed principally of fibrous ele- 
ments will produce a milder reaction than 


* From the Department of Pathology, New York 
Eye and Ear Infirmary. 

‘Presented before the Section on Ophthalmology, 
at the 101st annual session of the American Medical 
Association, June 10, 1952. 
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those containing a considerable amount of 
epithelial elements. Thus, the reaction in the 
fibrous tunic or in the optic nerve may be 
very mild while that in the iris or in the 
ciliary body is often much more severe. Usu- 
ally, however, a foreign body which will 
cause a severe reaction will affect all tissues 
more strongly than one which will elicit a 
milder reaction even though there is a dif- 
ferent type of response in different tissues. 
Certain agents, especially those which form 
chemical compounds with the underlying 
structures, have an affinity for certain ocu- 
lar tissues, particularly epithelial elements. 

With these facts in mind, in order to 
evaluate more clearly the clinical aspects of 
these cases, we have chosen to classify the 
responses as severe, moderate, and mild, and 
have compared the early and late reactions. 
Among the initiators of severe reactions we 
have selected copper, stone, X-ray radiation, 
and lime. Examples of the moderate type of 
reaction are those produced by iron and 
wood, Cilia and lead are typical agents which 
will produce mild responses. 

SEVERE REACTIONS 
Coprer (chalcosis bulbi). 

Copper (figs. 1A and 1B) often sets up an 
early severe reaction resulting in the loss of 
an eye. Some of the copper unites with the 
underlying tissues to form a chemical com- 
pound which is later disseminated through- 
out the remainder of the eye. 

In the uveal tract there is an iridocyclitis 
and marked leukocytic reaction. In rare in- 
stances? only a mild reaction is produced, 
due to rapid encapsulation of the metal be- 
fore it has had a chance to combine to any 
great extent with the tissues. 

STONE 

Most frequently this agent (fig. 2) initi 

ates a severe inflammatory reaction with 
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Fig. 1A (Roberts and Schlossman). Chalcosis 
bulbi. Copper in vitreous. Severe inflammatory re- 
action. Deposition of copper in posterior cortical 
layers of lens. 


abscess formation which ultimately destroys 
the eye. The chemical composition of stones 
determines in large measure the severity of 
the which contain 


inflammation. Those 


Fig. 1B (Roberts and Schlossman). Chalcosts 
bulltn. Copper in vitreous. Diffuse dissemination of 
copper throughout the globe with greatest deposi- 
tion in the lens cortex. 


Stone m witre- 
Detachment of 


(Roberts and Schlossman ). 
ous, Severe inflammatory reaction 
the retina. 


Fig. 2 


calcium are most soluble and cause the great- 
est amount of damage. 
X-RAY RADIATION ( physical) 


Radiation may net be considered by some 
but because of its ability 


as a foreign body, 


2) 


4 

Fig. 3 (Roberts and Schlossman). Radtatton burn. 
Early reaction. Loss of epithelium ; interstitial kera- 
titis. Absence of fixed corneal corpuscles. 


™ 
| 
 . 


OCULAR FOREIGN BODIES 805 


Fig. 4 (Roberts and Schlossman). Radiation burn. 
Late reaction. Rupture of cornea. 


to penetrate the globe we have included it in 
this study. The early reaction is a severe in- 
terstitial keratitis which is not particularly 
characteristic (fig. 3). 

Similar to late systemic effects, local dam- 
age to the tissue occurring at a later date is 
much more severe than are the early changes. 


Thus, quite some time after exposure to 
radiation, the cornea may rupture (fig. 4) or 
the characteristic radiation cataract may de- 


Fig. 5 (Roberts and Schlossman). Radiation. Late 
systemic effect; chronic lymphatic leukemia. Blood 
vessel in retina longitudinally sectioned, filled with 
cells typical of chronic lymphatic leukemia. 


Fig. 6 (Roberts and Schlossman). Lime burn of 
cornea. Necrosis of corneal stroma with replace- 
ment fibrosis and interstitial keratitis. 


velop. Systemically, chronic lymphatic leu- 
kemia may develop. Figure 5 exemplifies this 
condition in the blood vessels of the retina. 


L.uME (chemical) 

This agent produces a severe burn of the 
cornea. Lime is transformed into calcium 
hydroxide when it comes in contact with 
water ; this reaction generates a great amount 
of heat. In addition, the extraction of water 


» 


(Roberts and Wood in 


Schlossman). 
vitreous in close proximity to ciliary body. Early 
reaction (low power). Marked lymphocytic reaction 
and hemorrhage 


Fig. 7A 
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Fig. 7B (Roberts and Schlossman). H'ood in 
vitreous. Early reaction (high power). Marked 
lymphocytic response. Presence of small amount of 
degenerated polymorphonuclear leukocytes. No 
foreign-body giant cells. 


Fig. 8 (Roberts and Schlossman). Wood in vitre- 
ous in close proximity to iris and ciliary body. Late 
reaction. Initial inflammatory reaction has subsided 
and wood is encapsulated by a fibrous tissue mass. 
\ few foreign boxy giant cells present. 


Fig. 9 (Roberts and Schlossman). Wood in 
cornea, Relatively mild lymphocytic reaction with 
tendency to encapsulation by fibrous connective tis 
sue. Only occasional giant cells present 


from the tissues leads to necrosis of the 
cornea. The combination of these two re- 
actions causes the development of interstitial 


keratitis (fig. 6). 
MODERATE REACTIONS 


Woon ( vegetable fiber ) 


In globes removed shortly after the pene- 
amount of 


tration of wood, a moderate 
pathologic change in the uvea and vitreous 
was noted, with the lymphocytic response 
predominating (figs. 7A and 7B). 

After several months, a fibroblastic re- 
action develops and the foreign body be- 
comes encapsulated in connective tissue 
(fig. 8). In the cornea (fig. 9) and sclera 
the response to wood is relatively mild, and 
even shortly after penetration by the for- 
eign body there is very little inflammatory 


reaction. 
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Schlossman). Stderosis 


Whole globe. 


(Roberts and 
located optic 


Fig. 


indbi. Tron nerve. 


IRON (siderosis bulbi) 


cases where it 


Although there may be 
causes a relatively severe reaction, we have 


classified iron as a moderate irritant. An 


iron compound is formed at the site of the 
foreign body and is diffused throughout the 


tissues, but has a special affinity for the 
epithelial structures. 

It is best studied in the tissues by means 
of the Perle’s sodium prusside stain. The 
largest concentration of pigment in the eye 
is at the site of the metal, and this fact is 
corroborated by the heavy collection of 
sodium prusside stain in this area (figs. LOA 
and 10B). 

Within a short time after iron has pene- 
trated the eye, siderosis is observed clini- 
cally by the characteristic brown ring just 
beyond the contracted pupil. Soon after the 
penetration by the metal, proliferation of the 
lens epithelium is apparent (fig. 11). Later, 
the irritative phase changes to a destructive 
one, and the lens epithelium is destroyed 
(fig. 12). 

The nuclear layers are the first to be af- 
fected becomes involved. 


when the retina 


Fig. 10B (Roberts and Schlossman). High-power 
view of Figure 10A. Intense staining of foreign- 
body bed with sodium prusside stain and diffusion 
of iron pigment to surrounding area. Inflammatory 


reaction slight. 


Figure 13 shows the presence of iron gran- 
ules within the phagocytes in the ganglion- 
cell layer. 


Fig. 11 (Robert and Schlossman). Siderosis bulbi 
Lens epithelium just beyond pupillary aperture. 
Early reaction. Iron pigment causes proliferation 
of the epithelium 
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Fig. 144 (Roberts and Schlossman). Lead im 
sheath of optic nerve. Low power. Optic nerve 

Fig. 12 (Roberts and Schlossman). Siderosis shows laceration. The foreign-body site shows calci- 
bulbi. Lens epithelium just beyond pupillary aper- fication, which is encapsulated in connective tissue. 
ture. Late reaction. Destruction of the epithelium. Mild inflammatory response. 


MILD REACTIONS 
LEAD 
This metal, present in most gunshot 
wounds, initiates a relatively mild reaction 
no matter where it comes to rest within the 


eye. 

Gunshot is probably nonirritating because 
the lead becomes covered with a layer of 
insoluble lead carbonate after it is in contact 
with the ocular tissue, and does not diffuse. 


Fig. 13 (Roberts and Schlossman). Stderosis view of Figure 14A. Mild inflammatory response at 
bulbi. Posterior retina. Iron pigment granules in periphery of dense connective tissue. Scattered giant 
large phagocytes in the ganglion cell layer. cells. 


| 
i, 
Te ' 
. Fig. 14B (Roberts and Schlossman). High-power 


(Roberts and Schlossman). in 
surgical wound of cornea. Encapsulated by fibrous 
connective tissue. Mild reaction. Several foreign- 
body giant cells. 


Fig. 15 


Figures 14A and 14B show the mild connec- 
tive-tissue response within the sheath of the 
optic nerve. 


CILIA 


Eyelashes are fairly common foreign bod- 
ies which may be carried into the globe by 
other foreign bodies or during surgery. They 
are located most frequently in the corneal 
wound (fig. 15) or in the anterior chamber 
(fig. 16). At both sites they induce a rela- 
tively mild response. 

When located in the anterior chamber, they 
may occasionally become enclosed in cysts. 
Sitchevska and Payne* have recently re- 
ported this type of case. Except for its pig- 
ment which may be absorbed, a cilium will 
remain essentially unchanged even after long 
periods of time. 
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FOREIGN-BODY BEDS 


In order to complete this review, it is im- 
portant to consider the local response at the 
site of the foreign body. Although the tissues 
make an attempt to encapsulate the foreign 
matter, the cellular reaction varies in differ- 
ent parts of the globe. Regardless of the 
initial cellular response, fibrous connective 
tissue and foreign-body giant cells of the 
Langhans type soon invade the area and 
form the essential elements of the average 
foreign-body bed (fig. 17). 

One of the most unusual types of reaction 
may occur in the region of the ora serrata 
or of the optic nerve. It is often referred to 
as a “Schwiele” (callus) and has a yellowish 
appearance in the fresh specimen. 

The irritation by the foreign body causes 
proliferation of pigment epithelium and for- 
mation of fibrous connective tissue which 
later becomes hyalinized. Thus, the two es- 
sential elements of this pathologic phenome- 
non are pigment deposition and hyaline tissue 
(fig. 18). 

It is not known why these two areas alone 
develop this type of reaction; but one may 
speculate that, since the vitreous body is 
attached to the retina at these points, the 
stress due to the pull of the vitreous may be 
an important factor. 


Fig. 16 (Roberts and Schlossman). Ciliwm in an- 
terior chamber. Encapsulated by fine fibrous con- 
nective tissue. Mild inflammatory reaction. No giant 
cells present. 
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Fig. 17 (Roberts and Schlossman). Foretgn-body 


hed in sclera due to iron. Presence of fibrous con- 
nective tissue and large giant cells of Langhans 
type. 


A different type of unusual reaction may 
occur in the anterior chamber. Here the re- 
sponse is similar to that in any serous cavity, 
and cholesterin crystals are formed in addi- 
tion to the usual giant cells and connective 
tissue (fig. 19). The erystal formation is 
probably due to some reaction in the fat 
metabolism. 


PRACTICAL CONSIDERATIONS 


Wherever there is the remotest possibility 
of the presence of a foreign body in a pa- 
tient who gives a history of injury, X rays 
should be taken of the eve and orbit. 

From the present study it is obvious that 
the more severe the reaction produced, the 
more important it is to remove the foreign 
body within the shortest period of time. This 
is especially true of copper and stone, be 
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Fig. 18 (Roberts and Schlossman). Foretgn-body 
hed in region of ora serrata. “Schwiele.” Marked 
proliferation of pigment epithelium. Presence of hy- 
aline tissue which takes homogeneous eosinophilic 
stain. 


cause their presence will usually cause in- 
tractable iridocyclitis and eventual loss of the 
eye. 

It is important to remove iron quickly 
because this metal may become disseminated 
throughout the globe and may cause reactions 


remote from the site of the foreign body. 
On the other hand, glass, lead, aluminum, 
and some of the newer alloys cause very 


Fig. 19 (Roberts and Schlossman). Foreign-body 
hed in anterior chamber. Presence of cholesterin 
crystals (cigar-shaped spaces). Fibrous connective 
tissue and giant cells 
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little reaction, and in cases where removal 
is too difficult the foreign material may be 
permitted to remain within the globe. We 
have seen cases in which glass has been tol- 
erated for many years without any un- 
toward effects. 

Finally, we would like to advise caution 
in the use of radiation therapy. The inter- 
stitial keratitis in a patient with trachoma 
shown in Figure 3 was severely aggravated 
by beta radiation ; subsequently it was found 
necessary to remove his eye due to secondary 
glaucoma. 


SUMMARY 


1. Foreign-body reactions may be classi- 
fied as severe, moderate, and mild. 

2. A foreign body may cause a different 
tvpe of response in different tissues. 

3. Examples of severe reactions are those 
due to copper, stone, X-ray radiation, and 
lime. Wood and iron cause a moderate type 


of response, while cilia and lead are examples 
of mild irritants. 

4. Foreign-body beds are formed by 
fibrous connective tissue and Langhans giant 
cells. 

5. The “Schwiele” which may occur in the 
regions of the optic nerve or ora serrata is 
essentially hyaline tissue and pigment dep- 
osition. Cholesterin crystals may be present 
in the anterior chamber. 

6. From the pathologic responses of the 
eye to various types of foreign matter, the 
ophthalmologist can obtain a better idea as 
to those foreign bodies which must be re- 
moved immediately, and those which may be 
allowed to remain if extraction is impossible. 

7. If there is the remotest possibility of 
the presence of a foreign body, X rays of 
the eye and orbit must be taken. 
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DISCUSSION 


Hevcen C. Witper (Washington, D.C.) : 
Dr. and Dr. have 
presented their observations on clinical and 


Roberts Schlossman 
pathologic reactions to ocular foreign bodies, 
particularly copper, stone, wood, iron, lead, 
and cilia, as well as to lime burns of the 
cornea and to X-ray radiation. This discus- 
sion will be confined to that part of the paper 
which relates to intraocular foreign bodies. 

The importance of their paper lies in its 
stress on the ability of certain chemical sub- 
stances to produce mild or violent inflam- 
matory reactions. The point that the chemi- 
cal composition of stone is responsible, at 
least in part, for a variation in severity of 


reaction is well taken. 
It must, however, be kept in mind that a 
similar variation exists in metallic foreign 


bodies. Those classified as iron may be only 
friable flecks of iron rust or they may be 
solid fragments of stainless steel. So-called 
lead bullets may contain varying amounts of 
arsenic, nickel, and tin. Copper 
usually contains such alloys as nickel, tin, 


copper, 


and iron. 

It must also be taken into consideration 
that foreign bodies may carry with them 
either pathogenic or saprophytic organisms. 
In a review of 24 eves in the Registry of 
Ophthalmic Pathology, with copper particles 
retained from two days to nine years, there 
was, in 14, no pathologic evidence that any- 
thing more than a low-grade inflammatory 
reaction had ever existed. 

One of the eight in which abscess forma- 
tion was present contained many colonies of 
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gram-positive cocci obviously introduced into 
the vitreous chamber with the missile which 
had lodged in that location. 

In intraocular fragments of dead wood 
there were often observed saprophytic fungi 
within vegetable cells and in association with 
one there were chromoblastomyces which ap- 
peared to have multiplied intraocularly, and 
had incited an acute purulent response. A 
thorn was responsible for aspergillus infec- 
tion in the vitreous. 

Whenever a purulent reaction is found 
associated with a foreign body the presence 
of pathogenic organisms must be ruled out 
before a reaction to chemical substances can 
be accepted. 

The subject of intraocular foreign bodies 
is, as the authors have observed, a vital and 
timely one and their paper has contributed to 
the knowledge of pathologic response to such 
particulate matter. However, it is hoped that 
they will reconsider the value of controlled 
animal experimentation, with a wider variety 
of substances than have been utilized in the 
past for ocular implantations. 

It is believed that such experiments with 
foreign bodies of quantitatively and qualita- 


tively known composition introduced into the 


eyes of animals under aseptic conditions, 
when the degree of initial damage as well as 
the period of retention can be accurately 
estimated would add immeasurably to their 
clinicopathologic observations. 

Dr. H. E. Tuorre ( Pittsburgh, Pennsyl- 
vania): Dr. Wilder pointed out that infec- 
tion must be considered. I think infection 
must always be taken for granted in any 
intraocular foreign body condition. I assume 
that infection is present unless I can prove 
otherwise. 

From the standpoint of a clinical concept, 
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one should decide as to the type of copper 
which has entered the eye. I have observed 
that yellow copper produces the more serious 
reaction and is associated with a great deal 
more exudate and inflammation. 

On the other hand, red copper, or charred 
copper, produces very little immediate in- 
flammatory reaction, and sometimes may re- 
main in an eye for quite a while before there 
is evidence of serious damage. It may be a 
year or two before chalcosis takes place. 

It is interesting to note that chalcosis is 
first observed in the region of desquamated 
membrane under the upper lid, near the 
upper limbus. The next place where chalcosis 
will appear is in the cornea near the lower 
limbus. The lateral and medial limbus that is 
desquamated in that region is seldom af- 
fected, or is affected very late. 

It has been said that stainless steel pro- 
duces very little effect ; however, I have seen 
quite severe ophthalmitis due to stainless 
steel. 

I have observed that siderosis, although 
present in an eye, may disappear after a 
number of years following removal of the 
particle. In cases of very minute particles 
which could not be removed and which sub- 
sequently went into solution (at least they 
could not be demonstrated by various types 
of X ray), the siderosis has subsequently 
cleared. 

When cilia, not accompanied by infection, 
are introduced into the anterior chamber, 
they generally produce very little trouble 
unless the root of the cilia is present. 

Wood foreign bodies, in my experience, 
give rather serious trouble. In several cases 
in which wood splinters have entered the 
eye, sympathetic ophthalmia has developed 
later. 
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Louts Daicy, M.D., Ray K, Dairy, M.D. 


Houston, Texas 


Corneal was first at- 
tempted many years ago, and the history of 


the operation up to 1948 has been recorded.' 


transplantation 


Surgical techniques for the procedure have 
been described in English.** 

In this paper a technique of corneal trans- 
plantation is explained in detail and _ five 
cases in which this technique was employed 
are reported. Marked improvement in visual 
acuity was obtained with this technique. 

TECHNIQUE 

Certain procedures were adopted by us 
from other surgeons and the instruments 
which we used were designed by others. We 
combined these procedures and in addition 


report the routine use of curare and cortisone 
in corneal transplantation in human eyes. 


INSTRUMENTS 

Figure 1 shows the instruments employed 
in uncomplicated partial penetrating kerato- 
plasty. 

We have used trephines designed by 
Franceschetti and Both are 
satisfactory. A trephine must be very sharp 


Castroviejo. 


in order to avoid excessive pressure upon 
the cornea while trephination is done on the 
recipient eye. 

In one of our cases, herniation of the lens 
into the hole in the cornea followed trephi- 
nation with excessive pressure upon the 
cornea by the trephine. Although final vision 
of this eve was 20/20 through a spectacle 
lens which neutralized the refraction error 
of aphakia, we do not desire repetition of 
this complication, and now use a sharp tre- 
phine which cuts through the cornea without 
much pressure. 

Of equal importance is the use of sharp 


* Dedicated to Prof. Dr. Karl Lindner, head of 
the Second Eye Clinic of the University of Vienna, 
on the occasion of his 70th birthday. 
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Fig. 1 (Daily and Daily). Instruments for un- 
complicated partial penetrating keratoplasty: (1) 
Speculum. (2) Rectus muscle forceps. (3) Fixa- 
tion forceps. (4) Corneal trephines. (5) Corneal 
scissors. (6) Corneal forceps, small teeth (Cas- 
troviejo). (7) Corneal forceps, large teeth 
(Castroviejo). (8) Rubber bulb and cannula. (9) 
Needleholder. (10) Sutures and needles. (11) 
Suture scissors. 


needles. Needles, designed by Vogt and Bar- 
raquer and manufactured by Grieshaber, 
that are five and seven mm. in length are 
used. Since the diameter of these needles is 
smaller than the corneal needles 10 mm. in 
length, they make smaller holes in the trans- 
plant. 

The sutures are of 6-0 black silk. Corneal 
forceps with fine teeth, designed by Cas- 
troviejo, hold the graft while sutures are 
placed. 

Fixation forceps are used to steady the 
recipient eye during trephination. These 
forceps, designed by Barraquer and Loveras, 
are applied to the conjunctiva close to the 
limbus and enable the surgeon to steady the 
eye without assistance during trephination. 
Small scissors with blunt tips are used, if 
necessary, to complete the section. We have 
used straight corneal scissors designed by 
Castroviejo. 

The needleholder hold the 
needle firmly. We have found the one de- 


must small 


| 
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signed by Kalt to be satisfactory. 

A physiologic solution of saline is dropped 
from a medicine dropper or rubber bulb and 
cannula to wash away pigment from the 
graft after trephination and to moisten the 
operative field periodically. 

Essential to corneal transplantation are 
spectacles which will magnify the operative 
field. Even though the surgeon is not presby- 
opic, such spectacles enable him to place 
sutures with accuracy. The surgeon operat- 
ing in these cases (L. D., Jr.) uses a set of 
telescopic spectacles.* 


PROCEDURE 


PREOPERATIVE PREPARATION 


Preparation of the patient for corneal 
transplantation is like that for extraction of 
cataract, except that pilocarpine is instilled 
preoperatively into the eye of the recipient 
in order to contract the pupil. Two drops of 
a four-percent solution of pilocarpine nitrate 
are instilled on the night before surgery, one 
and two hours before surgery, and just be- 
fore trephination. This is done in order to 
prevent the partial dilation of the pupil which 
would otherwise follow ciliary-ganglion 
blocking. 

Preoperative preparation also includes 
administration of vitamins, restriction of 
food for several hours before surgery, an 
enema, and induction of basal analgesia by 
0.2 gm. amytal and 0.05 gm. of Demerolt on 
the night before surgery. If nausea follows 
the administration of these drugs, they are 
not used again; 0.2-gm. amytal, 0.1-gm. of 
Demerol, and 0.0013-gm. of atropine are 
administered about one hour before surgery. 
A preparation of penicillin which will main- 
tain a therapeutic level in the blood for 24 
hours is injected one day before and on the 
day of surgery. 

* These spectacles are modeled after the surgical 
telescopic spectacles of Zeiss and are manufactured 
by Cameron Surgical Specialty Company of 
Chicago 

t Demerol, sterile aqueous solution of meperidine 


hydrochloride, Winthrop and Stearns, Inc., New 


York. 
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INSPECTION OF EYE OF DONOR 

Before any surgical procedure is begun, 
the eye of the donor is inspected carefully. 
If there is any doubt as to its suitability, it is 
rejected and, if another eye is not at hand, 
the operation is postponed. A donor eye 
need not look alive to be satisfactory. Only 
one of the corneas which we used appeared 
to be as transparent as normal cornea. The 
other corneas exhibited loss of transparency 
of various degrees, but never to such degree 
as to obstruct the view of the pupil. 


ANESTHESIA AND AKINESIA 


After the operative field is cleansed, 
akinesia is obtained by injection of a solu- 
tion of procaine and hyaluronidase? into the 
peri-orbital region of the face. This solution 
is also injected into the outer canthus and 
into the lids. 

Anesthesia of the eye is begun with in- 
stillation into the conjunctival sac of drops 
of a solution of 0.5-percent pontocaine. In- 
stillation is begun about 10 minutes before 
trephination and is repeated at intervals of 
two minutes for four times. Epinephrine® is 
also instilled. 

No longer than five minutes before trephi- 
nation of the recipient eye, a retrobulbar in- 
jection is made with a long needle of small 
diameter, The solution which is injected con- 
tains 1.0 mm. of 2.0-percent procaine to 
which has been added six turbidity units of 
hyaluronidase, one drop of epinephrine, and 
four drops of 80-percent ethyl alcohol. 

The operative field is surrounded by sterile 
sheets. Instruments are placed within reach, 
and a needle is introduced by an assistant 
into a vein at a distance from the sterile 
field. 

After the lids have been retracted by the 
speculum, a suture is passed beneath the 
superior rectus muscle but is not made taut. 


t Wydase-lophilized hyaluronidase, Wyeth, Inc., 
Philadelphia. 
§ Adrenalin (1:1,000) Parke Davis and Company, 


Detroit. 
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This suture is left in position until the com- 
pletion of surgery. Traction upon it is in- 
dicated only when movements of the eye 
interfere with placement of sutures. 

About four minutes before trephination, 
0.3 ml. of curare* is injected by an assistant 
through the needle which was introduced 
into a vein at a distance from the sterile field. 
An injection of this quantity is repeated at 
intervals of one minute until a sufficient 
amount of curare has been given. More 
curare may be injected if needed later in the 
operation. 

All the 
should be 
curare. Trephination is usually completed be- 


Cordes® 


listed by 


administration of 


precautions 
observed in 


fore injection of curare is ended since the 
total dose of curare is seldom more than 
two to three ml. 

In trephination, the trephine must be 
centered accurately. This is not always easy 
to do on conical or clouded corneas but it 
must be done carefully. The trephine is cen- 
tered by observing the eye of the patient 
with one eye only. Gaze is directed straight 
at the patient’s eve and the trephine is placed 
so that it is equidistant from the corneal 
limbus in all directions. 

Trephination of the recipient eye is per- 
formed carefully and rapidly with as little 
pressure as possible. The trephine is with- 
drawn quickly as soon as aqueous escapes 
from the anterior chambet, and sectiva is 
completed carefully with scissors. After com- 
pletion of section and removal of the corneal 
disc, loose tags of Descemet’s membrane are 
grasped with forceps and excised. Then the 
corneal disc is replaced in the hole from 
which it had been removed and is left there 
until the graft is prepared. 

The donor eye, inspected just before sur- 
gery to determine its suitability, is now tre- 
phined with the same trephine used on the 
recipient. The entire thickness of the donor 
cornea may be cut since injury to the under- 


* Mecostrin Chloride, dimethyl-tubocurarine chlo- 
ride, 1 mg. per cc 
Intocostrin, FE 


equivalent to 20 units as 
R. Squibb and Sons, New York 


lying structures is of no consequence. 

The donor eye, wrapped with gauze, is 
held in one hand with enough pressure to 
make it as firm as a living eye, while trephi- 
nation is done with the other hand. 

After trephination, the graft is left in 
place while one suture is placed in its mar- 
gin at a depth of less than one half of the 
thickness of the cornea. Suspended by this 
suture, the transplant is inspected. If pig- 
ment is observed, it is washed away with 
physiologic saline. The transplant is then 
transferred to the eye of the recipient and is 
carefully sutured to the recipient cornea. 

The suture which is in the transplant ts 
placed in the cornea of the recipient and tied. 
Another suture is placed on the opposite side 
of the transplant and tied. Additional sutures 
are placed until the wound is closed by su- 
tures which are placed one mm. apart. 
Usually there are 10 (when the diameter of 
the transplant is six mm.). 

After all of the sutures are in position, the 
cornea is covered with a piece of membrane 
from the inside of the shell of a recently 
boiled egg. A suspension of 2.5-percent 
cortisone’ is dropped on the eye. An oint- 
ment of 0.25-percent eserine is introduced 
into the conjunctival sac, as well as an oph- 
thalmic ointment of aureomycin. The lids 
are closed and a binocular bandage is applied. 
A metal shield is placed over the bandage of 
the operated eye. 

The patient is lifted onto a stretcher and 
from the stretcher into bed. 


POSTOPERATIVE CARE 


CHANGE OF BANDAGE AND TOPICAL MEDI- 


CATION 

The bandage is changed every two days 
after the third postoperative day. At each 
change, an ointment of cortisone is instilled 
into the conjunctival sac as are atropine and 
aureomycin ophthalmic ointment. The op- 


* Cortone (cortisone acetate 2.5 percent, ophthal- 
mic) Merck & Company, Inc., Rahway, New 


Jersey. 
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posite eye is uncovered on the fifth post- 
operative day. 

Sometimes the egg membrane is found to 
be extruded part way through the palpebral 
fissure at the first change of bandage. If 
not, curiosity usually impels the surgeon to 
remove it with forceps in order to inspect the 
eye. After removal of the membrane, photo- 
phobia and blepharospasm increase sharply 
so that, when the bandage is changed, a 
solution of 0.5-percent pontocaine should be 
instilled before the eye is inspected. 
ACTIVITY OF PATIENT 

Patients may use a bedside commode on 
the second day after surgery and may sit in 
a chair after from three to seven days. 

Enemas and laxatives are given as in- 
dicated after the first postoperative day and 
the patient is cautioned not to strain at stool. 

Patients should be cautioned not to bend, 
stoop, or lift and to avoid any form of exer- 
tion. 


SYSTEMIC PENICILLIN 


Penicillin is administered systemically for 
several days after surgery. 
Dier 

Liquids are given through a straw on the 
day of surgery. Afterward, a general diet, 
with ground meat, which does not require the 
patient to chew too heavily is permissible. 
This diet is supplemented with vitamins, 


REMOVAL OF SUTURES 

Sutures are removed on the 12th day after 
surgery. This is done while the patient is 
lying on a table, after akinesia and repeated 
instillations of a solution of 0.5-percent 
pontocaine. 

A speculum holds the lids away from the 
globe, and sutures are removed carefully 
with a sharp Graefe knife or razor blade 
and forceps. While sutures are removed, the 
surgeon uses telescopic spectacles to provide 
magnification. If the anterior chamber is lost 


while a suture is being removed, removal of 


all sutures is completed and a solution of 
pilocarpine and ointment of cortisone are 
instilled. 


REMOVAL OF BANDAGE 

The eye must be bandaged until no ectasia 
of the transplant will occur after removal 
of the bandage. It is safe to remove the band- 
age from the operated eye 20 days after 
transplantation of a graft which is six mm. 
in diameter.* 

After removal of bandage, ointment of 
cortisone is instilled every two hours while 
the patient is awake. Frequency of instilla 
tion of cortisone may be ‘increased before 
this time if vascularization of the host cor- 
nea or edema of the transplant appears to 
be excessive. 

After the cornea is clear, the eye is re- 
fracted and the corneal curvature is meas- 
ured with the ophthalmometer. These exami- 
nations are repeated at intervals of one week. 
If the corneal curvature 
dicated by increase of myopic astigmatism, 
the eye must be bandaged with pressure as 
described by Castroviejo.* Cases 4 and 5 
are examples of the necessity of bandage 


increases as in- 


with pressure. They will be described later. 

When signs of keratitis and uveitis have 
disappeared, instillations are reduced grad- 
ually. The eve should then be observed daily. 
If signs of uveitis or corneal edema reap- 
pear, frequency of cortisone is increased. 

Some details of operative technique and 
postoperative care are illustrated by these 
case reports. 


REPORT OF CASES 

Case | 

This white youth, aged 18 years, had 
keratoconus. Visual acuity of the unoperated 
left eye with a contact lens was 20/90. Pre- 
operative acuity of the right eve was 20/400 
with a contact lens, and the apex of the 
cornea exhibited dense white opacification 
(fig. 2). A six-mm. graft was secured with 
10 sutures after irrigation with Ringer’s 
solution to remove the pigment from the 
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transplant. before completion of suture, the 
transplant was opaque and gray in color. 

The eyes were bandaged for three weeks 
postoperatively. Sutures were not removed, 
and cortisone was not used until after this 
time. After removal of sutures, very small 
blood vessels were seen through the corneal 
microscope, extending from the limbus of 
the cornea almost to the border of the trans- 
plant. Edema of the stroma of the transplant 
and folds in Descemet’s membrane were also 
seen. 

At this time an ointment of cortisone was 
instilled into the conjunctival sac; this was 
repeated regularly for many weeks. Blood 
vessels disappeared from the host cornea 
and edema subsided in the transplant while 
cortisone was used. When edema had gone, 
a white membranous opacity was seen to 
cover the posterior surface of the transplant 
except for a small area in the superior tem- 
poral quadrant. 

In addition to the development of a mem- 
brane on the back of the transplant in this 
case, another complication, in the iris, is of 
interest. Three weeks after surgery, a small 
yellow nodule was seen with the corneal 
microscope in the iris at the 4-o’clock posi- 
tion. Delicate bands of tissue extended from 
this nodule in all directions. The margin of 
the pupil was displaced toward the nodule 
and the shape of the pupil resembled that of 


a pear. While cortisone was administered 


E 


(Daily and Daily). Preoperative appear- 
ance of eye with keratoconus. 


Fig. 2 


Fig. 3 (Daily and Daily). Postoperative appear - 


ance of eye shown in Figure 2. Note corectopia 
which developed after corneal transplantation. 


topically, this nodule disappeared, but the 
corectopia (fig. 3) has persisted. 

After corneal transplantation, visual acuity 
of this right eye with a +2.0D. sph. 
—7.0D. cyl. ax. 36° was 20/60; with a con- 
tact lens, visual acuity was 20/30. Nineteen 
months after surgery, a contact lens which 
retains fluid between cornea and lens cannot 
be worn for one hour without corneal edema 
reducing visual acuity in this eye. 

Some difficulty has been experienced in 
selecting a corneal contact lens which will 
stay in proper position before the cornea, but 
corneal edema has not followed the use of a 
corneal lens for a period of four hours. All 
corneal contact lenses which have been worn 
have been in firm contact with some of the 
surface of the transplant. 

Discussion. The postoperative course of 
Case 1, when compared with our other cases, 
suggests that neither were sutures removed 
nor was cortisone administered soon enough 
after corneal transplantation. Multiple cor- 
neal sutures appeared to stimulate vasculari- 
zation of the foster 
uveitis. Cortisone apparently inhibited the 


host cornea and to 
vascularization. 

Review of the ophthalmic literature has 
not disclosed mention of a nodule in the iris 
producing corectopia. We believe that the 
iris nodule in our case, which appeared to 
be surrounded by bands of stromal tissue 
under tension and which produced coree- 
topia, was a small granuloma. This lesion, 
we believe, was part of the anterior uveitis 
which followed corneal transplantation. A 


=a 
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Fig. 4 (Daily and Daily) 


Postoperative appear- 
ance of eye with keratoconus, front view. 


similar nodule observed in one iris of a 49- 
year-old man who had no other evidence of 
uveitis, produced marked corectopia and an- 
terior peripheral synechias and may have 
represented the initial stage of essential 
atrophy of the iris. 

We that, in Case 1, cortisone 
helped to arrest opacification of the back of 
the transplant, to clear the stroma of the 
transplant of edema, to control uveitis, and 
to resolve the iris granuloma. 


believe 


Case 2 

This woman, aged 48 years, has advanced 
corneal dystrophy of the type first described 
by Groenouw. Visual acuity of each eye be- 
fore surgery was recognition of hand move- 
ments at a distance of one foot. Surgery 
was complicated by loss of the lens after 
trephination. In spite of this complication, 
after discission of a secondary cataract, 
visual acuity of 20/20 was obtained with a 
spectacle lens of +11.5D. sph. > +2.0D. 
cyl. ax. 70°. This case is reported in detail 
elsewhere.® 

Discussion. We concluded from Case 2 
that, while loss of lens in keratoplasty is a 
serious complication, it need not result in 
permanent serious damage to the eve or loss 
of vision. After this complication we began 
to use curare routinely, and also took pains 
in the selection of sharp trephines. 
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(Daily and Daily). Postoperative appear- 


Fig. 5 
ance of eye with keratoconus, side view. 


Case 3 

This girl, aged 16 years, has keratoconus 
with preoperative visual acuity with contact 
lenses of : R.E., 20/40; L.E., 20/50. 

Corneal transplantation was done on the 
left eye and a six-mm. graft was secured 
with 11 sutures. Ointment of cortisone was 
instilled once daily between the first and 
fourth postoperative weeks. At this time 
vascularization of the host cornea extended 
almost to the inferior border of the trans- 
plant. Frequency of instillation of cortisone 
was increased to every two hours, and vas- 
cularization of the host cornea disappeared 
slowly while cortisone was used; the trans- 
plant also became very transparent. 

Seven weeks after surgery, instillation of 
cortisone was discontinued and, after five 
days, signs of mild uveitis were observed. 
Resumption of the topical use of cortisone 
was followed by disappearance of all signs 
of inflammation. When frequency of instilla- 
tion of cortisone was later diminished grad- 
ually over a period of one month, uveitis did 
not return. 

Visual acuity seven weeks after surgery 
was 20/50; one week later it was 20/40; 
and eight months postoperatively, 20/30 with 
a —0.25D. sph. > —2.75D. cyl. ax. 135° 
(figs. 4 and 5). 
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Discussion. In this case, postoperative 
uveitis was controlled by cortisone ointment. 
Before surgery, the patient read 
through a contact lens. After corneal trans- 


could 


plantation, the patient was able to read 
through a spectacle lens of relatively low 
power. 


Case 4 

This woman, aged 29 years, has kerato- 
conus, Visual acuity with contact lenses be- 
fore surgery was: R.E., 20/60; L.E., 20/50. 
A seven-mm, transplant was secured to the 
cornea of the right eye with 11 sutures. At 
surgery, the anterior chamber was absent 
after trephination and the diameter of the 
pupil was that of the corneal hole in spite 
of frequent instillations of pilocarpine. After 
surgery, the transplant was fairly clear until 
removal of sutures. 

On the 11th postoperative day, after re- 
trobulbar injection of procaine prior to 
removal of sutures, it was observed that the 
anterior chamber was absent and that the 
posterior surface of the transplant was white 
and exhibited striations. Sutures were re- 
moved, a solution of pilocarpine and oint- 
ment of eserine were instilled, and a little 
pressure with a bandage was exerted on the 
eye. On the following day, the anterior 
chamber was present and the transplant was 
grossly transparent again. 

Seventeen days after surgery the corneal 
microscope showed that the transplant was 
clouded and that no vessels were present in 
the cornea. It was also observed that the 
nasal edge of the transplant was flattened. 
At this time, instillation of cortisone oint- 
ment was increased to two hours 
while the patient was awake. 

Eleven days later only folds in Descemet’s 


every 


membrane were observed and seven days 
later, about six weeks after surgery, the 


transplant was completely transparent, and 


there was no evidence of uveitis. 
At this time with a +1.0D. sph. 7 +4.5D. 
cyl. ax. 78°, visual acuity was 20/40. Two 
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weeks later, marked myopic astigmatism was 
measured with a keratometer and visual 
acuity with a —14.5D. cyl. ax. 105° was 
20/60. About 10 weeks after surgery, 
myopic astigmatism had increased and with 
a —23.0D. cyl. ax. 7°, visual acuity was 
20/40. At this time the eye was bandaged 
with pressure as described by Castroviejo,* 
and pressure was maintained for one month. 

One week after the first pressure bandage 
was applied, astigmatism was diminished and 
with a —3.0D. sph. — —7.5D. cyl. ax. 15°, 
visual acuity was 20/50. After removal of 
the last pressure bandage, visual acuity with 
a —4.0D. sph. —5.75D. cyl. ax. 32°, 
vision was 20/40. 

At no time, however, could the patient 
read at 15 inches with any spectacle lens. 
Eight months after surgery visual acuity 
through a contact lens is 20/30, and she can 
read. 

Discussion. Only in this case was a seven- 
mm. transplant used, and in this case the 
transplant progressively increased in curva- 
ture. Increase in curvature of the transplant 
was diminished by bandage with pressure 
on the eye for one month. 

Case 5 

This Negro, aged 16 years, had a vascu- 
larized corneal leukoma. When first seen 
by us in March, 1951, he stated that his 
right eye had had repeated attacks of red- 
ness and pain for many years, and examina- 
tion disclosed a large ulcer in the center of 
a cornea which was already scarred. 

While under treatment, vascularization in- 
creased and, at the end of two months, a 
sheaf of large vessels coursed from the lim- 
bus and ramified in a scar in the center of 
the cornea. After one year, the eye showed 
no evidence gf inflammation and the vascu- 
larized scar reduced visual acuity to 20/400. 
At this time, corneal transplantation was 
done and a six-mm. graft was sutured to the 
cornea of the host with nine sutures. 

At surgery an attempt was made before 
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trephination to obliterate the corneal vessels 
by application of a heated muscle hook to 
the nasal edge of the limbus. After trephi- 
nation, blood issued from these vessels. This 
proved to us that cauterization had not 
obliterated these vessels. 

Immediately after surgery a 2.5-percent 
solution of cortisone was dropped onto the 
eye and this was repeated once daily for 
seven days. At this time, examination with 
the corneal miscroscope revealed some stri- 
ated keratitis and invasion of vessels into the 
very edge of the transplant at the 3-o’clock 
position. At this time, sutures were removed 
and an ointment of cortisone was applied to 
the eye. Application was repeated every two 
hours while the patient was awake. 

Five days later, with a +3.5D. sph. 
~10.5D. cyl. ax. 120°, vision was 20/00. At 
this time a bandage was applied with pres- 
sure on the eye. After one week, with a 
+1.75D. sph. —2.25D. cyl. ax. 100°, 
visual acuity was 20/50, and bandage of the 
eve was discontinued. 

Ten weeks postoperatively, visual acuity 
without correction was 20/30, and the pa- 
tient had normal binocular vision. No evi- 
dence of vascularization of the transplant 
was evident six months after surgery, al- 
though vessels extend from the limbus to 
the opaque about the transplant. 
Cortisone has not been used for four months. 

Discussion. In this case, although vascu- 
larization of the cornea was present before 


scar 


transplantation, no invasion of the trans- 
plant by the past, 
vascularization of the cornea has held an un- 


vessels occurred. In 
favorable prognosis because the corneal ves- 
sels invaded the transplant.’ We believe that 
cortisone and multiple simple sutures were 
important factors in the prevention of 
vascularization of the transplant in this case. 


DiscUSSION 


Statistics on the results of corneal trans- 
plantation, recently compiled the 
auspices of the American Academy of Oph- 


under 


thalmology and based on results of a large 
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number of operations which had been per- 
formed up to 1948 at a number of American 
hospitals,* showed that results of the opera- 
tion varied with the disease of the cornea 
which reduced vision. Even in keratoconus, 
which was shown to be the disease most 
favorable for cornea transplantation, suc- 
cessful operations numbered only 65.2 per- 
cent and the authors concluded that corneal 
transplantation should not be done in any 
eye with a visual acuity better than 20/200. 

The validity of the data of this statistical 
study was questioned by Stansbury® who 
pointed out that clarity of the transplant and 
not visual acuity was the criterion of success 
of the operation in this analysis. He stated 
that many eyes with transparent transplants 
do not obtain improved vision, and that such 
operations are not really successful. Analyz- 
ing all cases of corneal transplantation at 
the Columbia-Presbyterian Hospital in New 
York, Stansbury® (1950) concluded that, in 
13 percent, vision was improved but that, in 
35 percent, vision was made worse by the 
operation, and that, in many cases, the oper- 
ation resulted in total blindness. 

These statistics, which indicate that the 
results of corneal transplantation are not 
good, are based on results of operations 
which differed in technique from the one we 
describe herein. The most important differ- 
ence in the techniques is in the method of 
suture. Very close apposition of the entire 
circumference of the transplant to the cornea 
of the host is obtained with multiple, inter- 
rupted, simple sutures. 

This apposition of transplant to host is of 
great importance in the prevention of com- 
plications,* such as delayed reformation of 
the anterior chamber, anterior synechias, 
and glaucoma, which threaten destruction 
of the entire eye. These complications were 
not encountered when we used the technique 
herein described. 

Topical application of cortisone is another 
point of difference between our technique 
and those techniques described previously. 
Cortisone may prevent, or reduce in severity, 


TECHNIQUE OF CORNEAL TRANSPLANTATION 


postoperative edema of the transplant, which 
French surgeons have called “the malady of 
the graft,” because they encountered it with 
frequency." 

This edema occurs between the third and 
sixth weeks after surgery and its cause ts 
unknown. It may be an allergic reaction of 
the transplant to the host, and experimental 
studies seem to indicate that cortisone may 
prevent or reduce such edema."* 

We believe that this complication occurred 
in our fourth case. In this case, the edema 
disappeared in one week after increasing the 
frequency of cortisone applications. 

Multiple, simple sutures, when combined 
with topical application of cortisone, may 
make the prognosis more favorable in cer- 
tain types of corneal opacities which, in the 
past, have been considered unfavorable for 
Vascularized leu- 
koma is an example of this type of opacity. 


corneal transplantation."® 


It was replaced by a corneal transplant in 
our fifth case. 

Endothelial dystrophy is another type of 
corneal opacity, which has been considered 
unfavorable for corneal transplantation.*® ™ 
Recently a case has been reported of success- 
ful corneal transplantation in endothelial 
which multiple simple 
sutures were placed with Grieshaber needles 
between the edge of the transplant and the 


dystrophy,"* in 


cornea of donor. 

Another type of corneal opacity con- 
sidered unfavorable for corneal transplanta- 
tion is one in which the opacity is so large 
that, after transplantation, no normal corneal 
tissue borders on the graft.'® Our second case 
was nodular 
dystrophy in which the opacities were very 
dense, occupied all levels of the stroma, and 
the Corneal 
transplantation was successful in this case. 


one of advanced corneal 


extended to corneal limbus. 

Other additions to our technique which 
also minimize complications include the use 
of curare and miotics. Curare tends to pre- 
vent extrusion of the lens, as occurred in 
our second case. Miotics also tend to pre- 
vent this complication, and to protect the 


lens against injury by the trephine. 

In our cases no synechias have followed 
the use of miotics. The pupillary margin of 
the iris tends to form anterior synechias at 
corneal wounds, and in corneal transplanta- 
tion. At surgery it is easier to keep the 
pupillary margin of the iris away from the 
wound by miosis than by mydriasis. 

One other factor, which may have con- 
tributed to the success of our corneal trans- 
plantations, is the use of donor eves which 
had been enucleated more than 24 hours be- 
fore use. All of the eyes which we obtained 
from the Eye-Bank for Sight Restoration, 
Inc., were flown from New York City with- 
out charge by Eastern Airlines. They were 
delivered during the night or early morning 
to our home. 

On receipt of the eyes, the ice, which had 
partly melted, was replaced in the thermos 
jug. Surgery was performed on the day 
of receipt of the eyes. All of these eves 
have provided grafts which are transparent 
and have greatly improved the patient's 
vision. Barraquer stated that the most suit- 
able corneal transplants are from eyes which 
have been enucleated from 12 to 36 hours be- 
fore transplantation and have been kept in 
moist air at a temperature of 2°C. to 4°C.' 


SUMMARY 

A technique of partial penetrating kerato- 
plasty is described and five cases reported 
in detail illustrate details of operative tech- 
nique and postoperative care. 

This technique includes maintenance of 
miosis, intravenous administration of curare, 
multiple simple sutures between the edge of 
the transplant and host, the application of 
egg membrane over the cornea after comple- 
tion of suturing, and the topical application 
of cortisone to the eye at surgery and post- 
operatively. 

In a case of corneal dystrophy, visual 
acuity was improved from perception of 
hand movements to 20/20 by corneal trans- 
plantation. In a case of keratoconus, acuity 
was improved from 20/400 with a contact 
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lens to 20/40 with a spectacle lens. In a sec- 
ond case of keratoconus, visual acuity was 
improved from 20/60 with a contact lens to 
20/40 with a spectacle lens. In a case of cor- 


neal transplantation by the technique which 
we describe, indicates to us that the per- 
centage of successful corneal transplanta- 
tions is increased greatly when this technique 


is used, and that visual acuity of better than 
20/200 is not a contraindication to corneal 
transplantation. 


neal scar, acuity was improved from 20/400 
to 20/30 without a corrective lens. 


CONCLUSIONS 


Improvement in visual acuity, after cor- 1117 Medical Arts Building (2). 
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OrputTHALMIC MINIATURE 
Treatment for Night Blindness 


Bleeding at the forearm, purgation of the belly and clysters. The head 
must be cleared by gargling and sneezing and the veins at the inner 
corners of the eye must be bled, and he must drink before a meal, water 
with dry hyssop and rue. 

The eye must be anointed with alum, rock salt and the juice that flows 
from a goat's liver when it is roasted and he must admit to the eyes the 
steam arising from it during the roasting and then eat the liver. 

Hunain Ibn Is.-Haq. (809-877) 
The Book of the Ten Treatises on the Eye. 


A NEW SURGICAL APPROACH TO MYOPIA* 


Tutomu Sarto, M.D., Koicuiro AkityaMa, M.D., SHipata, M.D. 
Tokyo, Japan 


I. INTRODUCTION 


The problem of decreasing the total re- 
fraction of the 
proached in three ways : 

First, the length of the physiologic axis 
of the globe may be altered, but this is not 
practiced at present and is not likely to be 


myopic eye may be ap- 


in the future. 

Secondly, Fukala’s method of lens extir- 
pation is already in use, but indications for 
this procedure do not apply even to one 
half of one percent of all cases of myopia. 

Thirdly, there seems no alternative method 
other than changing the refractive power of 
the cornea, and the present communication 
reports the results of 32 cases of myopia 
treated by appropriate anterior and posterior 
corneal incisions. This new concept was de- 
veloped from our clinical studies’ and 
from experimental research on animals®* 
as well. It is designed to reduce the refrac- 
tive power of the eye. 

It was found that scars produced by an- 
terior (or surface) and posterior incisions 
in the extrapupillary areas of the cornea re- 
sulted in a lengthening of the radius of the 
corneal curvature overlying the pupil, there- 
by decreasing its refractive power. The pres- 
ent method was attempted on the human eye 
after sufficient encouragement had been ob- 
taind from experimental studies on the rab- 
bit eye.® 

Scarification of the anterior corneal layers 
in the extrapupillary zone produced, in the 
rabbit eye, weak and impractical changes in 
the refractivity of the cornea. Since simi- 
larly accomplished incisions into the pos- 
terior corneal layers produced a maximum 
hypermetropic effect of two diopters, it 
seemed possible, therefore, to utilize this 
method in cases of mild myopia. (These 


* From the Juntendo Medical College. 
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clinical experiences have been summarized by 
Akiyama in the Acta Soc. Ophth. Japonicae, 
56 :1142, 1952). 

If clinically practical results are to be ex- 
pected in cases of advanced myopia, it would 
appear that incisions of both the anterior 
and posterior corneal surfaces offer the most 
logical probability, and we submit “anterior 
and posterior half-corneal incisions” as the 
most suitable description of our procedure. 


Il. TECHNIQUE 


Before surgery, refraction is carefully de- 
termined both objectively and subjectively. 
The axis and degree of astigmatism, if it is 
present, is carefully determined, for the op- 
eration may be aimed not only at reducing 
the total myopia but also at the development 
of a neutralizing hypermetropic corneal as- 
tigmatism at the opposite axis. 

Suitable miosis induced prior to operation 
is useful in determining the exact pupillary 
area of the cornea. After adequate topical 
anesthesia, the cul-de-sac is irrigated liber- 
ally with a mild antiseptic, and a retrobulbar 
injection of three cc. of novocaine is given. 
This not only restricts motility of the globe, 
but actually creates a slight exophthalmos 


Fig. 1 (Sato, Akiyama, and Shibata). Satisfactory 
miosis is accomplished. 
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Fig. 2 (Sato, Akiyama, and Shibata). Two bridle 
sutures are placed under the tendons of the superior 
and inferior rectus. 


which facilitates the maneuvers of the op- 
eration. 

bridle sutures are placed under the ten- 
dons of the superior and inferior rectus 
muscles, these permitting rotation of the 
globe about its antero-posterior axis (fig. 2). 
They are used at the time the corneal knife 
is introduced into the anterior chamber from 
above or below (figs. 5 and 6). 

A small and simple lid retractor, such as 
the Knapp type, is inserted between the 
lids, and a sterile gray hair or a fine, white 
fish gut is placed on the cornea to afford 
adequate visualization of the pupillary zone 
(fig. 4). 


Fig. 3 (Sato, Akiyama, and Shibata). Retrobulbar 
injection. At the left is a Komoto retractor. 


Fig. 4 (Sato, Akiyama and Shibata). Five gray 
human hairs are used as guides for the incisions. 
To make a loop, twist the hair in the manner of a 
wire hoop. If astigmatism is combined with myopia, 
four pieces of straight hair are laid on the main 
meridians. (In the following pictures the hair is 
not illustrated.) 


Sato’s corneal knife is inserted into the 
anterior chamber from the superior limbus 
and five to nine posterior half-incisions are 
made in the lower portion of the cornea (fig. 
5). The knife is now withdrawn and imme- 


diately reinserted into the chamber from the 
inferior limbus and similar incisions, five 
to nine in number, are made into the upper 
portion of the cornea. Similarly, temporal 


20; 


> 


04 nm 


Fig. 5 (Sato, Akiyama, and Shibata). Illustrating 
the technique of inserting the knife into the an- 
terior chamber, superiorly. After the knife is in- 
serted, posterior incisions are made in the lower 
quadrant of the cornea. This mark shows 
the position of the fixation forceps. Attention is 
directed to the position of the globe and the proper 
use of bridle sutures. The corneal knife must con- 
form exactly to the design of the Sato corneal 
knife. The length of the blade is 2.5 mm. 


824 
/ 
— 
\ } 
|_| 
— 
Sa 
| 
~| 03mm 
/ 
/\ 
ff} 
V 


SURGICAL APPROACH TO MYOPIA 


Fig. 6 (Sato, Akiyama, and Shibata). Superior 
quadrant incisions. Note the use of bridle sutures. 


incisions are made from the nasal side (fig. 
6) and, finally, nasal incisions are per- 
formed from the temporal side (fig. 7). 

The knife is introduced through the cor- 
neoscleral transition zone, slightly to the 
scleral side, and reaches the anterior cham- 
ber after approximately two mm. of tangen- 
tial tunnelling through the corneal stroma. 

With due regard for iris and lens, the 
knife is carried across the anterior chamber 
to the opposite limbal zone, and an incision 
of sufficient length to allow for a pupil of 
approximately six-mm, diameter is made. 

The posterior incisions are made clear 
through the endothelium, Descemet’s mem- 
brane, and approximately two thirds of the 
corneal stroma; adequate length without 
sacrifice of the pupillary zone, as well as 
uniform depth, are emphasized. 

There is a natural tendency for the start- 
ing and terminal points of the wound to be- 
come more shallow than the middle, but this 
should be avoided since the short, shallow 
“boat-bottomed” incisions are less effective. 

The depth must be kept even and suffi- 
cient throughout the entire extent of the 
incision. 

When the incision has reached its ter- 
mination, the point of the corneal knife 
must be definitely separated from the pos- 
terior surface of the cornea. Assurance that 
disengagement of the knife tip has been ac- 
complished is obtained by slight to-and-fro 
movements of the blade before it is carried 


Fig. 7 (Sato, Akiyama, and Shibata). Completion 
of incisions in the lateral quadrant. In withdrawing 
the knife from the anterior chamber, disengage the 
point of the knife from the cornea in the manner 
illustrated by the dotted line. This maneuver is made 
in order to avoid harm to the pupillary zone 


again to the limbal zone prior to the next 
incision. 

This precaution is also very important 
just prior to the withdrawal of the knife 
from the anterior chamber. 

If, by chance, the posterior half-incision 
perforates the cornea in some small sec- 
tions of the wound, there is almost no cause 
for worry except possibly that the decreased 
depth of the chamber may hinder the opera- 
tion. If the chamber depth does become an- 
noyingly shallow during the operation, a 
waiting period of 15 to 30 minutes will usu- 
ally allow for restoration of almost normal 
depth. 

Aqueous seepage from the self-sealing 
puncture is rare, if it occurs at all; how- 
ever, application of a spatula tip for a few 
seconds will stop it promptly. 


Fig. 8 (Sato, Akiyama, and Shibata). Completion 
of nasal incisions. After each withdrawal of the 
knife from the anterior chamber, press the wound 
lightly with a spatula to avoid leakage of aqueous 
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TABLE 1 
EFFECT OF THE TREATMENT MEASURED OBJECTIVELY 

Case Number 1 2 3 4 5 6 7 8 9 10 il 12 13 4 

Before Operation 2.5 15.0 8.5 11.0 3.0 8&0 8.5 7.0 3.5 12.0 5.0 3.5 2.0 0.0 
Refraction After Operation 2.0 13.0'7.0) 9.0 1.5 3.0 7.0) 2.5 |05 7.0 3.0 1.0 1.0 6.0 
(myopia in diopters) 

Reduction 0.5 2.0 1.5 2.0 1.5 | $.0| 1.5 4.5 3.0 5.0 2.0 2.5 | 1.0 4.0 
Reduction in main meridian in high-de 4.0 2.5 4.0 5.0 2.0 3.5 2.5 0 8.0 
gree astigmatism (increased astigmatism) (1.0) (1.0) 
No. days after operation w 42 45 17 (124 44 22 6 51 21 ol 42 70 27 


Fig. 9 (Sato, Akiyama, and Shibata). The picture 
illustrates the completion of the posterior half- 
corneal incisions of which as many as 36 can be 
made. If myopic astigmatism is present, the in- 
cisions in the quadrants containing the meridian of 
highest degree should be deeper, longer, and greater 
in number than those in the quadrants with a lesser 
degree of myopia. 


The procedure is facilitated by a sharp 
knife, and, because of the delicacy of the in- 
strument, two knives must always be se- 
lected prior to operating since one may be- 


come too blunt to complete the surgery. 
The knife blade 
very slight expansion of the blade shaft, 
0.3 mm. in diameter. At a point 12 mm. 
from the tip of the blade, the shaft is bent 
10 degrees as shown in Figure 9%. 

Radial incisions of the anterior surface 


is 04 mm. wide, being a 


of the cornea are accomplished with Oka- 
mura’s trachoma knife, the construction of 
which does not permit incisions deeper than 
the operator This instrument 
similar in construction to the 
sclerotome of American manufacture. About 
40 incisions are made from the peripupillary 
zone of the cornea to the limbal sclera and 
deep enough just to avoid perforation. After 
completion, the corneal incisions have an ap- 


intends. is 


Lancaster 


pearance similar to the bamboo frame of a 
Japanese umbrella. 
III. PosrorpeRATIVE TREATMENT 


After surgery, the eye is atropinized and 
penicillin instilled into the conjunctival sac. 


TABLE 2 
EFFECT OF THE TREATMENT MEASURED SUBJECTIVELY 

Case Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Before Operation 0.3 0.02 0.09 0.02 0.2 0.2 0.1 0.1 0.01 0.1 6.1 0.3 0.08 
Vision After Operation 0.4| 0.2); 0.1 | 0.06) 0.7/| 0.3/0.2 0.3 | 0.8 | 0.01 | 0.2/0.5 | 1.2] 0.1 
Before Operation 0.9 10 0.1 1.2 1.0 0.9 0.6 1.2 0.03 0.9) 1.2 ©.2 
Corrected 
en After Operation 1.2; 08) 0.9) 0.4 1.2 1.0 0.8 0.7 1.2 0.05 1.0) 1.2 1.2| 0.2 

Before Operation 3.25 14.0 0 4.0 2.0 7.0 8.0 6.0 3.0 10.0 §.5  4.0/)1.25 11.0 
Refraction After Operation 1.75 11.0 5.5 9.0 0.87 | 3.75 6.0 2.25 1.0 7.0 | 3.5 | 2.0 0 6.0 
(in diopters) - 

Reduction Caused 

by Operation 1.75 $3.0, 2.0) 5$.0) 1.12 | 3.25 | 2.0 3.75 | 2.0 3.02.0 2.0) 1.25 5.0 
Reduction in the main meridian 2.5 3.0 4.0 
with high degree by combination (0.75) 
of astigmatism (increased astig 
matism) 
No. days after operation ee 56 24 131 44 22 36 oF 20 aS 59 100 37 


IRGICAL 


APPROACH TO MYOPIA 


TABLE 1 
EFFECT OF THE TREATMENT MEASURED OBJECTIVELY 


Fig. 10 (Sato, Akiyama, and Shibata). The an- 
terior or superficial incisions. The picture at the 
right shows the Okamura knife. 


Pressure bandages are not used, but a Hess 
protecting board is placed over the eye. 
Penicillin, sulfonamides, and vitamin A are 
administered externally and internally for 
two weeks. Atropinization is maintained for 
one week, Refraction and visual acuity are 
recorded four weeks postoperatively. 
Within two months the refraction be- 
comes stable, and only fine radial linear 
opacities may be seen under strong focal il- 


29 3 Mean 


lumination in a dark room, but they are not 
apparent under ordinary illumination. 


IV. Resuits AND Discussion 


Anterior and posterior half-corneal inci- 
sions were studied in 32 cases of myopia. 
They have caused a reduction of myopia, 
objectively measured from 1.5D. to 7.0D., 
with an average of 3.0D. Subjectively, the 
diminution was from 1.12D. to 6.0D., with 
an average of 2.8D. 

In the meridian of maximum curvature in 
the cases with combined astigmatism, the re- 
duction of refractive power, on the aver- 
age, was 3.9D. objectively, and 3.5D. sub- 
jectively. 

Included in this series were cases of rela- 
tively low myopia in which a minimum pro- 
cedure was carried out. We feel safe in say- 
ing that eyes with four diopters of myopia 
can be made emmetropic, or so nearly so 
that only slight correction is necessary to ac- 
quire fully corrected vision. The results, de- 


TABLE 2 
EFFECT OF THE TREATMENT MEASURED SUBJECTIVELY 


24 


0.04 


20-131 


827 
15 16 17 18 19 20 21 22 23 24 25 26 27 28 ee 
30 90 60'2.0 3.0 4.0 4.8 | 3.0 2.5: 8.0 11.0 5.0 4.5 10.0 3.0 3.0 4.0 6.0 
1.0 7.0) 3.5 1.0 0.5 1.0 +0.5 0 1.0 4.0 8.0 +0.5 1.0 6.0 +0.5 O.5 +0.5 +1.0 
2.0 | 2.0] 2.5 | 1.0 | 3.0 5.0 3.0 1.5 4.0 3.0 5.5 3.5 4.0 3.5 2.8 4.5 7.0 3.0 
2.0 | 4.5 3.5 2.5 4.0 6.0 1.5 4.0 2.0 6.0 4.0 6.0 4.0 3.0 7.0 3.9 
(1.0) (0.5 
79 | 42 33 37 26 34 27 ol 63 22 33 27 2 20 (17-124 
1 
if] 
isp 
\ / 
15 16 17 18 19 20 21 22 23 | 25 26 27 28 29 0 31 32 Mean 
0.2 0.09 0.1 0.2 0.1 0.05 0.06 0.1 0.4 0.08 0.02 0.4 0.1 
0.9 0.1 0.4 1.2 0.7 0.9 1.2 | 0.9 8.2 0.3 0.2 1.0 1.2 0.2 1.2 1.0 1.0 O.8 
t.2 0.3 0.9 1.2 1.0 1.2 1.2 | 1.0 1.2 0.7 0.5 0152 1.0 1.2 ‘2 1.2 1.0 
1.2 0.5 1.2 eS 1.2 1.2 1.2 | 0.9 1.2 1.0 0.6 1.0 1.2 1.0 1.2 1.2 1.0 0.8 
2.0 7.0 §.0 2.25 3.0 4.25 4.0 3.0, 1.12 10.0 11.0 4.0 3.0 11.0 2.0 | 2.0 | 3.0 | 4.5 
0.5 4.5 | 3.25 0.5 1.0 1.0 0 0 0 5.0 7.0 0.5 0 5.0 +0.5 0.5 0 0 
2.5 | 1.75 | 1.75 2.0 3.25 4.0 | 3.0 1.12 5.0 4.0 3.5 3.0 6.0 2.312.383 13801 2.8 
2.3 4.0 5.0 4.5 3.5 
(0.5) 
8 | So 40 44| 26| 30] 73| 30] 281 22) 
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Fig. 11 (Sato, Akiyama, and Shibata). About 40 
anterior half-corneal incisions are performed. In a 
case of mild myopia, fewer anterior incisions are 
made. If there is combined astigmatism, the anterior 
incisions are increased in the quadrants containing 
the highest degree of myopia. (See Figure 9.) 


scribed in the last half of Table 2, of the 
cases which were treated with acquired ex- 
perience, show these improvements as facts. 

Concerning unaided vision, all cases were 
distinctly improved, and 20/20 vision was 
obtained in nine cases. In the 12 cases fol- 
lowing Case 21, there were nine cases which 
showed no more than 4.0D. of myopia 
before treatment ; eight of them became em- 
metropic, that is had 20/20 unaided vision, 
and one of them almost emmetropic. 

The results of the operation have been ob- 
served in some cases for five months, and 
no remarkable diminution of the effect has 
been observed. Sustained reduction in re- 
fractive power in experimental animal eyes 
was similarly permanent. 

We consider that this procedure, if prop- 
erly performed, will safely cure myopia up 
to four diopters, and will produce marked 
improvement in myopia of from five to six 
diopters. This treatment, therefore, is effi- 
cacious for 95 percent of the myopic cases 
on my- 


in Japan, since statistical studies’ 


opia conducted by Sato and others among 
the Japanese people show this percentage to 
have myopia of six diopters or less. 

It is believed that additional experience 
will provide improvements in technique, as 
well as uniformly better results regarding 
the total dioptric reduction of myopia. In 
animal eyes, for example, a maximum hyper- 
metropization of 18 diopters has been ob- 
tained with an average of eight diopters. No 
detrimental effects from this procedure have 
been observed, and none of the cases demon- 
strated any worsening of refractive error 
or loss of visual acuity. 

The rationale of the operation is based on 
the increased curvature of the incised por- 
tions of the cornea, with the result that the 
curvature of the pupillary area of the cornea 
is lessened. Interestingly enough, this change 
of cornea was easily seen grossly in the 
rabbit’s eyes in which a high degree of hyper- 
metropization was effected by this pro- 
cedure. 


V. CONCLUSION 


Thirty-two cases of myopia have been 
treated by anterior and posterior half-cor- 
neal incisions, with improvement ranging 


from 1.5D. to 7.0D., depending on the dis- 
tribution and number of 
In this series, an average of three diopters’ 
reduction of myopia was obtained. All cases 
demonstrated remarkable improvement of 
unaided visual acuity. 

This new surgical approach is a proven, 
safe method which definitely cures or ade- 
quately alleviates over 95 percent of all cases 
of myopia in Japan. Emmetropia is a pro- 
fessional necessity for many myopes, and 
this may be accomplished by the method 
described. Binocularity may be attained in 
cases of severe anisometropia, providing 
surgery is confined to the myopic eye. 

Juntendo Medical College. 


incisions made. 
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ANOMALOUS PROJECTION* 


ITs INCIDENCE, FACTORS IN DEVELOPMENT, CHARACTERISTICS, TESTS, AND TREATMENT 
IN 146 SURGICALLY TREATED STRABISMUS CASES 


NorMaAn S. Jarre, M.D. 
Miami, Florida 


DEFINITIONS 


Anomalous correspondence has also been 
referred to as abnormal correspondence, 
anomalous projection, and false macula, The 
word retinal is often inserted. 

Swan' defines it as “an anomaly of binoc- 
ular vision in which areas in the two retinas 
normally having a common visual direction 
acquire an unstable and often variable visual 
direction in relation to each other but usually 
in accordance with the squinting position.” 

Verhoeff,? aware of the many misconcep- 
tions concerning this phenomenon, went to 
great lengths to establish exact definitions. 
He offered that “a visual axis is defined as 
any line in external space, all suitable objects 
centered on which have their retinal images 
centered at the same retinal point. Corre- 
sponding visual axes are defined as any two 
visual axes that as visualized from their re- 
spective eyes with the aid of suitable objects 
appear to coincide. The imaginary line in 
which they thus appear to coincide is termed 
a binocular visual axis. Corresponding ret- 
inal points are defined as the retinal optical 
terminals of a pair of corresponding visual 
axes.” 

Verhoeff considered the terms anomalous 
correspondence, abnormal correspondence, 


* From the Department of Ophthalmology, U. S. 
Army Hosptial, Fort Campbell, Kentucky. 


and false macula misleading. He felt that 
only one type of correspondence could exist, 
that is, the normal kind. When this condition 
does not prevail, there is no correspondence 
present. The fovea of the fixing eye has no 
functional counterpart in the strabismic eye 
in these cases. Since correspondence is non- 
existent, it is senseless to speak of abnormal 
or anomalous correspondence. 

We know that, when the fovea of one eye 
is exposed to a light, the fovea of the other, 
although not exposed, will be aware of the 
after-image. This awareness of a contra- 
ocularly induced after-image requires that 
correspondence be present. When the normal 
system is absent, the unexposed eye is not 
aware of an after-image at the fovea or any 
other point on the retina. There is no binoc- 
ular integration and correspondence is non- 
existent. 

When this test was given to 71 patients 
with noncorrespondence, there was not one 
exception to these findings. 

This is the most simple test I know for 
determining the existence of correspondence : 

Expose one eye to a vertical bar of light 

or 20 seconds while the other eye is oc- 
cluded. Then cover the exposed eye and allow 
the occluded eye to gaze at a light surface. 
If correspondence exists, the subject will re- 
port a vertical after-image. He will report 
nothing if correspondence is nonexistent. 
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This investigation merely confirms Ver- 
hoetf’s theory. He used the term anomalous 
projection, not because he preferred it, but 
because he felt it was the most nearly correct 
of those in common usage. 

In the normal state each retinal receptor 
has a local sign which distinguishes it from 
other retinal receptors. Each retinal point is 
functionally, although not anatomically, re- 
lated to a corresponding point on the other 
retina. 

In the infant, this relationship is weak and 
easily upset. The system requires experience 
to attain its full value. Once established it is 
not easily disturbed. 

Objects in space are projected on a line 
emanating from an imaginary globe between 
the two eyes. Duke-Elder® states that this 
cyclopean eye is farther back and slightly 
closer to the master eye. 


INCIDENCE OF ANOMALOUS JECTION 


There is much confusion concerning the 
incidence of anomalous projection in con- 
comitant strabismus. 

Enos* reported that of 295 strabismics, 47 
percent showed anomalous projection. Of 
227 esotropes, 123 or 53 percent had anom- 
alous projection, while this was present 
in only 10 or 16 percent of 66 exotropes. 

Sugar® quotes the results of the following 
investigators. The incidence of anomalous 
pre jection according to Hine was 71 percent, 
Fischer 50 percent or more, Bryant 50 per- 
cent, Muegge 61.5 percent of alternating and 
27.4 percent of monocular squints, Travers 
40 percent of those with good vision in each 
eve. 

Casari® used the diplopia test, Maddox- 
rod, and after-image test on 90 strabismics. 
Of 53 monocular esotropes, 33 showed un- 
harmonious anomalous projection and 14 
harmonious anomalous projection, an in- 
cidence of 90 percent. Only six or 10 percent 
had correspondence. Of 16 patients with 
monocular exotropia, eight had unharmoni- 
ous and six harmonious anomalous projection 
(88 percent). Only one had correspond- 


the corre- 


presence of 


ence and in one 
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spondence could not be determined. Of 15 
alternating squinters (esotropes and ex- 
otropes ) five had correspondence while eight 
had and unharmonious 
anomalous projection. 

Strazzi’ used the diplopia and after-image 
tests on 80 strabismics : 65 percent of the 60 
monocular strabismics (52 convergent, seven 
divergent, sursumvergent) showed 
anomalous projection (80 percent, unhar- 
monious ; 20 percent, harmonious). Of the 
20 alternators (17 esotropes and three ex- 
otropes) 14 had correspondence and six had 


harmonious two 


one 


anomalous projection. This is not in accord- 
ance with other reports. 

Our results show that among 146 stra- 
bismics tested, there were 86 monocular 
esotropes ; 32 cases or 37 percent had non- 
correspondence. Of 12 monocular exotropes, 
three or 25 percent had noncorrespondence. 
There were 32 patients with alternating 
esotropia ; 28 or 87.5 percent had anomalous 
projection, while eight or 50 percent of 16 
alternating exotropes had noncorrespond- 


ence, 


FACTORS IN DEVELOPMENT OF 
ANOMALOUS PROJECTION 


When squint occurs, projection is in error 
by an amount equal to the deviation. To cor- 
rect this error an anomalous projection sys- 
tem adapted to the angle of squint develops. 
If the shift of projection equals the degree 
of deviation, binocular projection becomes 
correct in spite of the squint. The need for 
amblyopia becomes unnecessary. 

It is puzzling, however, that a shift of pro- 
jection not adapted to the angle of squint 
(unharmonious anomalous projection) is so 
common. There is no wisdom in this. The 
projection is not “corrected.” Amblyopia is 
as common in these as in strabismics with 
correspondence. 

Probably the most important factor in the 
development of anomalous projection is the 
age of onset of squint. As already stated, a 
system of correspondence requires experi- 
ence for its full attainment. The earlier the 
onset, the more readily is the system upset. 
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TABLE 1 
RESULTS IN 48 CASES OF STRABISMUS WITH ANOMALOUS PROJECTION 


Type No. Cases 


Esotropia alternating 18 
Esotropia monocular 
Exotropia alternating 6 
Exotropia monocular 3 
TOTAL 48 
This explains why anomalous projection is 
less common in exotropes than esotropes. 

Generally, exotropia occurs after corre- 
spondence has been established. The only 
exception to this is the group of intermittent 
exotropes who show Grade III fusion when 
the and then display 
anomalous projection adapted to the angle of 
squint when one eye turns out. 

Another factor felt by some to be of im- 
portance is the deg ree of squint. 
“abnormal retinal 


eyes are straight 


Scobee* says corre- 


spondence is seldom found in patients 
with very small angles of deviation, that is 
five degrees or thereabouts. Patients with 
large angles of deviation, that is, over 35 
degrees, usually have normal retinal corre- 
spondence and less suppression than those 
with smaller angles.” 

The reason for this, of course, is that with 
large deviations the separation of double 
images is so great that they are not disturb- 
ing. 

Jampolsky® has refuted this concept with 
his investigation of 84 cases in which there 
was monocular strabismus of less than 15 
prism diopters, a relatively stable angle of 
squint and slight amblyopia. In over 90 per- 
cent of these, he found an anomalous projec- 
tion. He felt that many of these cases were 
formerly overlooked because “the dissimilar 
haploscopic targets of the usual size were too 
gross for the detection of a small angle of 
anomaly.” He used small targets. 

Burian,’® while agreeing that such cases 
certainly exist, stated that most small angle 
deviations are accommodative in nature and 
in these normal correspondence is prevalent. 


Prism Diopters | 


Average 


Correspondence No 
Deviation I 


Normal | Correspondence 
10 
10 
1 
0 


21 


I agree with Burian although there are 
many cases such as Jampolsky describes. 
They are resistant to orthoptic and surgical 
treatment. Among nine of my cases of 
monocular esotropia of less than 30 prism 
diopters, harmonious anomalous projection, 
and little or no amblyopia, only one was suc- 
cessfully operated on. A recession of one 
medial rectus was performed in each case. 
The other eight showed a return of the orig- 
inal deviation. This will be referred to later. 

If the strabismus is of gradual onset with 
little inconvenience to the patient, anomalous 
projection is likely. In strabismics with a 
fixed angle of deviation it is also likely. 
When onset is sudden 
strabismics ), correspondence is retained. In 


(as in noncomitant 


termittent squinters also retain correspond 
ence. The exception to this is the group of 
intermittent exotropes referred to above. 

Stephenson" felt that the home back- 
ground may be an important factor in the 
development of anomalous projection, Many 
of his patients were neurotic individuals who 
came from difficult homes. The parents were 
usually very nervous. 

CHARACTERISTICS OF ANOMALOUS 
PROJECTION 


We have already stated that the system of 
correspondence in infancy is unstable. It re- 


quires experience for its full attainment. If 


squint develops, a secondary system of corre- 
spondence may be acquired. The fovea of 
the fixing eye is functionally related to an 
eccentric retinal area of the deviating eye. 
If surgery under- or overcorrects the devia- 
tion, a tertiary system may develop. 


832 NORMAN 


Some patients may retain two or three 
systems at one time. If each retinal receptor 
has two or three local signs, monocular 
diplopia or even triplopia is possible. 

The subjective angle shows great variabil- 
ity. It may change from moment to moment 
and from test to test. It is difficult to imagine 
that a real system of secondary correspond- 
ence can exist. In the normal state, each ret- 
inal receptor is functionally related to one 
retinal receptor in the other eye. 

In secondary correspondence, the fovea 
of the fixing eye is related not to one point 
but an area of points in the other retina. 
Verhoeff? this to be noncorre- 
spondence. After-image studies indicate that 
there is no relationship whatsoever between 
the retinas. 

The only wise arrangement of secondary 
correspondence would be one in which the 
projection was completely corrected. This is 


considers 


harmonious anomalous correspondence. Of 
what value is an anomalous angle of, let us 
say, 15 degrees in an esotropia of 30 de- 
grees? It doesn’t lessen the need for am- 
blyopia. Indeed, amblyopia is less frequent in 
harmonious cases while in unharmonious 
cases it is just as frequent as when corre- 
spondence exists. 

The magnitude of the anomaly may show 
extreme variability. There may be frequent 
oscillations between and 
noncorrespondence. It is not uncommon to 
find noncorrespondence for near and corre- 


correspondence 


spondence for far and vice versa. The ex- 
planation is probably to be found in the fact 
that their binocular stimulus was mainly for 
near in the first case and for far in the sec- 
ond case. 

Lyle and Jackson'* commented on a group 
of patients with about 35 degrees of 
esotropia. These showed an angle of anomaly 
of only about 15 degrees (subjective angle 
20 degrees). Ordinarily we would expect a 
much larger angle of anomaly, say 25 degrees 
or more. They theorize that perhaps most of 
the binocular stimulation responsible for the 
anomalous projection occurred for the most 
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part at close range (13 inches). 

Lyle and Jackson offered further evidence 
that anomalous projection is a binocular con- 
dition. They showed that, if a patient fixes 
centrally with the esotropic eye, the non- 
deviating eye will turn in the same amount 
that the other eye was turned. The corneal 
reflex will be eccentric in the usually non- 
deviating eye. On the major amblyoscope, 
the lion will still be in the cage. Thus, 
anomalous projection is not the fault of the 
usually deviating eye alone. 

In strabismus, we are concerned with two 
types of suppression. In the case of esotropia, 
the false image of the object regarded is 
easily suppressed since it strikes an area on 
the nasal portion of the retina where the 
acuity gradient is low. 

The other type of suppression is that of 
the retinal optical terminal of the visual axis 
which corresponds to the central visual axis 
of the nondeviating eye. This is the fovea. 
The first type of suppression prevents di- 
plopia while the second type prevents con- 
fusion. 

When correspondence exists, there is a 
small area of suppression confined to the 
fovea. When there is no correspondence 
(anomalous projection), the area of sup- 
pression is much larger and is in line with 
an eccentric portion of the deviating retina. 

Travers asserts that the size of the scotoma 
is roughly proportional to the angle of 


anomaly. As the anomaly diminishes so does 
the size of the suppression scotoma. 

It is well to add that the so-called “false 
macula” has none of the characteristics of 
the true macula except insofar as it acts as 
the projectional center in the deviating eye. 


TESTS FOR ANOMALOUS PROJECTION 

1. AFTER-IMAGE “TRANSFER” TEST 

This test has already been referred to. It 
is the most sensitive of all tests. If one eye is 
exposed to a stimulus and the other eye is 
not aware of the after-image, there is a loss 
of binocular integration. 

This test was performed on 48 alternating 
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strabismics. Of the 36 with anomalous pro- 
jection, none was aware of the contraocularly 
induced after-image. Of the 98 monocular 
strabismics, all 35 with anomalous projection 
showed this absence of awareness. 

This test is so simple it can be used on any 
individual. It does not require above-average 
intelligence or much concentration. The pa- 
tient is not asked to judge distances. This 
test, of course, only signifies that correspond- 
suspended; no estimate of the 


ence 1S 


anomaly is given. 


2. SCREEN TEST 

Verhoeff? considered this the best test. The 
squinter is asked whether or not an object 
which he is fixing at a distance of six meters 
appears to change its position or to move 
when a cover is quickly transferred from one 


eye to the other. 

Verhoeff states, “If, as is usually the case, 
the object appears unchanged in position, 
anomalous projection obviously exists, for 
the primary visual axes do not correspond. 


This is also true if, as determined by a 
suitable prism, apparent change in the posi- 
tion of the object differs from the angle of 
strabismus by as much as 10 prism diopters.” 
Of course, a person with straight eyes will 
report little or no apparent movement. 


Before proceeding to the other tests, they 
first will be criticized. The following tests 
(major amblyoscope, maddox-rod, and so 
forth) introduce conditions so abnormal that 
the results obtained with their use are often 
difficult to interpret or to correlate with the 
ordinary visual phenomena of normal per- 
sons or of squinters. 

The simpler the test and the more natural 
the conditions, the more reliable and trust- 
worthy it is. 

With these tests, the fovea of one eye is 
presented with an image, while the fovea or 
eccentric retinal area of the other eye is 
given an image of a different kind. In the 
case of the Maddox rod, they are different 
images of the same object. With the major 
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amblyoscope, there are two different objects 
(lion and cage). The same may be said of 
the after-image test advocated by Bielschow- 
sky."* 

In normal vision every object in the binoc- 
ular field is imaged on both retinas. If the 
strabismic reports that the two different ob- 
jects are separated laterally in space, there 
is certainly anomalous projection, but the 
amount of separation cannot accurately be 
measured by any means because of the in- 
adequate monocular criteria of distance in at 
least one eye. 

The conditions are unusual and there are 
inadequate criteria of distance in each eye. 
For example, as Verhoeff? pointed out, with 
the Maddox-rod test, the subject may state 
that the two images appear separated later- 
ally, but he is unable to state positively which 
is to the right of the other. 

The same holds true for the vertical prism 
test. Anyone who has used these tests has 
been confronted at one time or another with 
this phenomenon. 


3. MAJOR AMBLYOSCOPE 


The tubes of the synoptophore or tropo- 
scope are adjusted until there is no move- 
ment of the eyes when the charts are al- 
ternately illuminated. This represents the ob- 
jective angle of squint. 

The patient then adjusts the tubes until 
the lion is in the cage. This is the subjective 
angle. The difference is the angle of anomaly. 
Frequently, the lion will approach the cage, 
then disappear only to appear on the other 
side. We may use the point of disappearance 
or appearance on the other side as the meas- 
ure. This test is difficult when amblyopia is 
profound. 


4. BIELSCHOWSKY AFTER-IMAGE TEST 

Actually, this test is attributed to Biel- 
schowsky, Hering, and Tschermak. One eye 
is exposed to a vertical bar of light at a 
distance of two feet for about 10 seconds. 
This eye is then occluded and the other eye 
is exposed to a horizontal bar of light. 
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When correspondence is present, a perfect 
cross will be formed. This test is unreliable 
in amblyopes. It was shown" that amblyopes 
fixate with areas one to three or four degrees 
eccentric to the fovea. Thus, the vertical bar 
is presented to the fovea of the good eye, 
while the horizontal bar is presented to an 
eccentric area. If correspondence exists, a 
perfect cross will not be formed. I never 
use this test on amblyopes. 


5. VERTICAL PRISM TEST 


A red glass and a vertical prism base- 
down are placed before one eye. Nothing is 
placed in front of the other eye. The object 
used is a light source at 13 inches or 20 feet. 
The subject will report the red light higher 
than the white and to the left or right. 

With the use of a Risley prism before one 
eye, the images are adjusted so that the red 
light is directly over the white light. This is 
a measure of the subjective angle. Compare 
this with the objective angle of squint. The 
phorometer is an ideal instrument for this 
test. 


There are other tests, such as the Tscher- 
mak congruence test, Lancaster red-green 
test, and Travers’ mirror-screen test. The 
principles are similar. In the after-image 
screen, and Lancaster red-green tests the 
stimuli are foveo-foveal. In the vertical prism 
and Maddox-rod tests the stimuli are foveo- 
perifoveal. 


TREATMENT OF ANOMALOUS PROJECTION 


Scobee’® reluctantly reported his results 
on a small series of 13 cases with anomalous 
projection on whom surgery was performed. 
None received any preoperative orthoptics. 

Postoperatively the eyes appeared straight 
in all 13 cases. In no case was postoperative 
diplopia present for more than three days. 
No postoperative therapy of any kind was 
given. Of the 13 patients, 12 developed corre- 
spondence one month postoperatively. My 
own results will be added to this group. 


Scobee stated, “ . if reasonably good 
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surgical alignment of the optic axes can be 
obtained, the majority of patients will receive 
enough orthoptic exercises in their every-day 
life by the simple expedient of opening the 
eyes in the morning on awakening and keep- 
ing them open all day to stimulate the rede- 
velopment of normal retinal correspondence.” 

Scobee, however, felt that the ideal man- 
agement is preoperative and postoperative 
treatment Ap- 
parently, he was not too certain about the 
latter statement before his unfortunate pass- 


of anomalous projection. 


ing. 

In the early cases, straightening of the 
eyes is all that is necessary to restore corre- 
spondence. well-developed 
anomalous projection, occlusion of the fixing 


cases of 


eye is used in monocular squinters. The pur- 
pose of this is to break up the binocular 
stimulus for anomalous projection. 

The vision of the covered eye should be 
tested at frequent intervals to prevent am- 
blyopia. In a six-year-old girl with monocular 
esotropia, vision dropped from 20/20 to 
20/70 in 10 days. Occlusion should be tried 
for one month before abandoning it. 

Orthoptic exercises are given during the 
period of occlusion. The following methods 
are used: 

1. Massage of the macula. The squinting 
eye fixes a bird while the cage slide is passed 
back and forth over the macular area. If the 
objective angle is 40 prism diopters, set the 
tubes at half the angle, 20 prism diopters, 
and move it to 60 prism diopters. It is well, 
in esotropia, to stimulate the macula from in- 
side the angle, while in exotropia from out- 
side. Of course, the pseudomacular area at 
0 is to be avoided. 

2. Alternation. Set the tubes of the major 
amblyoscope inside the angle in esotropia and 
outside the angle in exotropia. For example, 
if the objective angle is 40 prism diopters, 
set the tubes at 20 in esotropia and 60 in 
exotropia. The poorer eye is aided by in- 
creasing the illumination on its chart and by 
having it look at the larger object (cage). 
The patient is asked to look back and forth 


from the bird to the cage. Again avoid the 
false macula. 

3. Oscillation. Lock the tubes at the angle 
of deviation to stimulate the true macula. 
Move the tubes fast enough so that the sub- 
ject can project the targets in the same direc- 
tion. He must see the bird in the cage. After 
awhile the speed may be reduced until none 
is needed. 

4. Flashing. This is done at the angle of 
deviation to stimulate the true macula. Ad- 
just the amblyoscope to the exact angle of 
deviation and use pictures with fine detail 
requiring 20/40 vision. 

The light is flashed on and off so that one 
picture is illuminated when the other dis- 
appears. The speed of flashing is increased 
until the after-image of the first continues 
during view of the second. Thus the two 
images which were separated by false projec- 
tion are appreciated. Finally, one composite 
picture will be seen. 

When fusion is appreciated, both lights 
are left on for a second or two and the 
images will separate. The patient will later 
be able to hold fusion for one minute and 
longer. 

Preceding orthoptics, occlusion should be 
attempted to restore as much vision as pos- 
sible. Orthoptic training is usually fruitless 
if vision is 20/100 or worse. 

These exercises are usually useless in con- 
genital squints with well-developed anom- 
alies. The results in adults are likewise poor. 

In obligatory eccentric fixation, orthoptic 
training is useless. Surgery should be done. 
It seems reasonable, also, that orthoptic ther- 
apy is best if the eyes are straightened sur- 
gically and the greatest possible visual acuity 
consider 


restoration has been achieved. | 


preoperative orthoptic training a waste of 
time. 

Lyle and Jackson” suggest that if the 
angle of anomaly is over 10 degrees, opera- 
tion should be done first. Many outstanding 
observers have cast orthoptics aside com- 
pletely. Travers" 
should be done immediately in 


has finally concluded that 


surgery 
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the treatment of anomalous projection. 

There are many others who are pessimistic 
concerning the use of orthoptics in anomalous 
projection. Miss Mayou" states that in 
“true” 
are apparently very strict and there is a 
small percentage of “true” cases among all 
those with anomalous projection) orthoptic 
treatment is a waste of time. 

Casari® found that seven to eight percent 
of his patients achieved correspondence with 
orthoptic exercises alone; 25 to 33 percent 
of those treated surgically achieved this. 
Burian”’ rightly criticized these findings, 
since Casari used only the stereoscope and 


anomalous projection (her criteria 


the diploscope. 

Jampolsky® found that, in his cases of 
squint with small deviations, treatment of 
anomalous projection is fruitless. 

At this point, I shall return to the ques- 
tion of surgery without orthoptics. All chil- 
dren under the age of nine years in my series 
received postoperative orthoptics. Surgery 
was performed on 48 adult strabismics with 
projection. included 
soldiers and wives of soldiers. 

The youngest patient in this group was 
aged 17 years, the oldest 38 years. The aver- 
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age age was 24 vears. Good surgical align- 
ment was achieved in 47 cases. The results 
shown in Table 1 were obtained 45 days 
postoperatively. 

Scobee’s figure of 12 out of 13 cases 
achieving correspondence with surgery alone, 
while remarkable, would not be too unusual 
if his patients were children. In my series, 
27 adults achieved correspondence out of 48 
patients. This is 57 percent. The most en- 
thusiastic advocates of orthoptic therapy 
have never reported such a high rate of 
“cure” in adults. By “cure” we mean the 
attainment of correspondence, not alignment. 

Note that of nine exotropes, eight achieved 
correspondence with surgery alone. This is 
not unusual when we consider that in most 
exotropes correspondence must have existed 
at one time and must have attained a rela- 
tively high degree of fixity. 


Fig. 1 (Jaffe). A 21-year-old man with alternat- 


ing extropia. Objective angle: 48 prism diopters. 
Subjective angle: 12 prism diopters. A five-mm. 
recession of the left lateral rectus and a seven-mm. 
resection with three-mm. advancement of the left 
medial rectus were done. Grade III fusion post- 
operatively. 


Slightly less than 50 percent of the 39 
with were 
“cured” by surgery alone. While | cannot 
prove it with this series, I am of the opinion 
that the institution of orthoptic therapy in 
this group would not have significantly 
altered the results. 

Figures 1, 2, 3, and 4 illustrate typical 


esotropes noncorrespondence 


cases. 

There is one striking phenomenon in these 
results. The most difficult cases of anomalous 
projection were those with a relatively small 
objective angle of deviation. Of the 21 cases 
which did not achieve correspondence, the 


average deviation was 27 prism diopters 
while that of the “cured” cases was 49 prism 
diopters. 


All cases were examined daily for the first 
10 days postoperatively and then every sec- 
ond day for two weeks, then once weekly 
for two months, 

Of the total of 48 cases with anomalous 
projection, there were 11 cosmetic failures. 
Again, it is interesting that eight of the 11 
patients had an initial deviation of less than 
35 prism diopters ; five of the 11 returned to 
the original deviation within three days, one 
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required six days, and the other two failed 
after three weeks. 

The other three failures are interesting. 
Their original deviations were 67, 62, and 
53 prism diopters, respectively, measured by 
the cover test on the phorometer. While I 
usually pay little heed to the exact subjective 
angle, the measurements in these three, as de- 
termined by the vertical prism, red-glass, and 
Risley-prism tests, already described, re- 
vealed values between 10 and 20 prism di- 
opters; two showed alternating 
esotropia and the other, a monocular esotrope 
with anisometropia and amblyopia (20/80). 

At the first dressing the two alternators 
showed an overcorrection of at least 20 
diopters. The eyes in the monocular case ap- 
peared straight at the first dressing. Within 
one week, all three showed an esotropia 
which measured between 26 and 30 prism 


cases 


Fig. 2 (Jaffe). A 27-year-old man with alternat- 
ing exotropia. Objective angle: 86 prism diopters, 
eight left hypertropia. Subjective angle: 20 to 26 
prism diopters. A five-mm. recession of the right 
lateral rectus and an eight-mm. resection with three- 
mm. advancement of the right medial rectus were 
done. Following this, objective angle was 38 prism 
diopters. The same procedure with same measure 
ments was done on the left eye. Objective angle : 0. 
No fusion. 
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Fig. 3 (Jaffe). A 25-year-old man with left eso- 
tropia. Objective angle: 42 prism diopters. Sub- 
jective angle: 16 prism diopters. A five-mm. reces- 
sion of the left medial rectus and nine-mm. resec- 
tion with three-mm. advancement of the left lateral 
rectus muscle were done. Grade III fusion post- 
operatively. 


diopters. This is the angle of the optic nerve. 
They represent examples of the syndrome 
of Swan. 

In this connection it might be noted this 
range of deviation, 26 to 30 diopters, was 
more frequent than any other range among 
75 strabismics with correspondence. This 
deviation is indeed the happiest compromise 
in strabismus. Inhibition is not required since 
the optic nerve contains no retinal optical 
terminals. In addition, anomalous projec- 
tion is not necessary. 

A word on postoperative diplopia might 
be apropos. Of the 146 strabismics surgically 
treated, there was not one case of diplopia 
which persisted for more than four weeks. 
The diplopia which did occur was usually 
of very short duration, lasting from hours 
to days. 

In most cases showing diplopia, the diplo- 
pia occurred in association with anomalous 
projection. This is not in line with the sug- 
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gestion of Posner and Schlossman’* that per- 
sistent postoperative diplopia usually oc- 
curred in patients with correspondence who 
were surgically overcorrected. They reason 
that a portion of the retina not previously 
suppressed now receives an image of the 
same object which stimulates the fovea of 
the opposite eye. 

This explanation sounds plausible. Since 
in all of my cases the diplopia was of a 
fleeting nature, they should not be compared 
with those of Posner and Schlossman. 


SUMMARY 


Anomalous projection is accurately de- 
fined. 

The reports of incidence by various in- 
vestigators is discussed. My series consisted 
of 146 strabismics. There were 86 monocular 
esotropes of whom 37 percent had anomalous 
projection. Of 32 alternating esotropes, 87.5 
percent had noncorrespondence. Of 12 mo- 
nocular exotropes, 25 percent, and of 16 al- 
ternating exotropes, 50 showed 
anomalous projection. 

Various factors in the development of 
anomalous projection are discussed. These 
include age of onset, degree of squint, ra- 


percent 


Fig. 4 (Jaffe). A 19-year-old man with left eso- 
tropia. Objective angle: 36 prism diopters. Sub- 
jective angle: 0. A five-mm. recession of the left 
medial rectus and six-mm. resection of the left lat- 
eral rectus muscles were done. Objective angle: 0. 
No fusion, 
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pidity of onset, convenience to patient, and 


environment. 

The characteristics of anomalous projec- 
tion are discussed. 

The tests for anomalous projection are 
discussed. A new test is presented and the 
existent ones criticized. 

The treatment of this condition is dis- 
cussed in detail, from nonsurgical and surgi- 
cal viewpoints. Of 48 adults with anomalous 
projection in whom good surgical alignment 
was achieved by surgery alone, 27 spontane- 
ously developed correspondence. The average 
deviation in these cases was 49 prism diop- 
ters while in those patients who retained 
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anomalous projection, the average deviation 
was only 27 prism diopters. 

There were 11 cosmetic failures among 
the 48 cases with anomalous projection ; eight 
of these had an initial deviation of less than 
35 prism diopters. The other three had a 
much higher initial deviation and reverted to 
the angle of the optic nerve postoperatively. 

The range between 26 and 30 prism diop- 
ters, the angle of the optic nerve, contained 
more cases in the series of 146 strabismics, 
than any other group. 

There was not one case of persistent post- 
operative diplopia in the entire series. 

1345 North Bayshore Drive (32). 
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BLIND AND BLINDNESS: AN ETYMOLOGICAL NOTE* 


TueLMA G, CHAREN 
‘ashington, DC. 


The eye has been the dominant organ of 
perception throughout time. The force of its 
import to human life is seen in the strongest 
phenomenal element of early religion, the 
sun, known in centuries of biblical and classi- 
cal literature as the eye of day.’ Just as light 
has the eye as its counterpart, the absence 
of light, darkness, has its correspondence in 
the absence of vision, or blindness. Since 
night, moreover, obscures vision, identifica- 
tion of loss of sight with darkness follows 
naturally. The purpose of this paper is to 
demonstrate that the etymological develop- 
ment of the words for blind and blindness 
consistently shows this theme of loss of vi- 
sion as related to darkness. 

In English, as in all Teutonic languages, 
the adjective blind appears to be related to 
an old verb blandan found in Old Saxon, 
Old High German, and Old Norse with the 
meaning “to mix” or “to confound.”? From 
this word we derive also our words blend 
and blunder. In Old Norse there is also 
blunda, to close the eyes, and blundr, slum- 
ber. 

In Lithuanian the word bland yti means “‘to 
shut the eyes”; moreover, the third person 
singular verb blendzia-s, in reference to the 
sun means “to become dim.”* In Old Slavic 
the word for “make a mistake” is blanditi. 

Throughout these languages, clearly, the 
common root form seems to carry the con- 
cept of darkness and confusion, thus dark- 
ness and confusion in the sight, and so, 
blindness.* 

In Latin the common word for blind was 
caecus. This is from the ancient Indo-Ger- 
manic root SCA which meant basically a 

* Current list of medical literature, Armed Forces 
Medical Library, Washington 25, D.C 

+The poetry of this metaphor extends to the 
field flower, the daisy, literally, day's 


common 
eve. 
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covering, thus darkness.* The original form 
of the Latin was probably scaicus, with sub- 
sequent loss of initial s, becoming caecus. 
The SCA root appears in the English words 
shade and shadow, in the Greek sx:@ (skid) 
and (skdtos), shadow’ and in the 
Sanskrit khaya, shadow.* The Greek form 
appears in medical terminology, particularly 
of roentgenology and ophthalmology, in the 
words skiagraphy, skiametry, skiascopy, ski- 
alytic, scotograph, scotoma, scototherapy, 
scotoscopy, and scotophobia.* 

Caecum or cecum, the neuter form of the 
Latin caecus, appears in anatomy as the 
Latin translation of Greek 
(typhl6n) “blind gut,” the name given in 
Hippocratic times to that portion of the in- 


the 


testines. 
Dr. Edmund the 
etymologist, comments, “The human organ 


Andrews, biomedical 
deserves no such epithet. Such a term could 
only have arisen from the fact that anatomi- 
cal knowledge came from dissection of lower 
animals which really have such an organ.”* 

In fact, the translation of the Greek above 
as blind gut is also that of the German 
Blinddarm, the word for cecum. An interest- 
ing sidelight is the use in classical literature 
of vulnus caecum (blind wound) and ictus 
caecus (blind blow) for one inflicted upon 
the back ;° in a medieval manuscript of about 
the twelfth century cecus ictus has been 
translated as a blow not causing bloodshed."® 

Corresponding in usage to the common 
Latin word for blind, caecum, the Greek 
tugd6v has a derivation related also to light 
different source. 


and darkness from a 


Tvgiev is probably a shortened form of 

t The root exists in a modified form in the name 
Horatius Cocles, who defended the bridge against 
Lars Porsena of Clusium in legend. Cocles, The 
One-Eyed, is from SCA and oculus, eye. (Lewis, C. 
op. cit., 136.) 
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(typhelés) from (typho),* a 
verb meaning “smoke.” Therefore the ad- 
jective would mean “smoked,” that is, smoke- 
darkened, smoky, misty,’' and hence, as 
above, blind. In addition to its use in medi- 
cal terminology in reference to the anatomi- 
cal cecum, typhlo- appears also in words de- 
noting blindness. Dorland lists among other 
derivatives pertaining to the cecum : typhlitis, 
typhlocolitis, typhlolithiasis, typhlopexy, 
typhlostomy ; in relation to blindness : typhlo- 
lexia (word blindness ), typhlology (study of 
blindness ), and typhlosis (blindness ).’* Both 
the Greek and Latin are represented in 
zoological nomenclature in relation to two 
families with vestigial or rudimentary eyes: 
Typhlopidae (reptilian) and Caeciliidae 
(amphibian ).** 

The Romance languages, by definition 
springing from the Latin, for the most part 
derive their words for blind and blindness 


* This is the word from which typhus and typhoid 
are derived. Dr. Andrews (op.cit., p. 132) says, 
“Typhoid and typhus, recalling Greek clouds of 
mists, gave the name to the stuporous mental condi- 
tions in prolonged fevers.” Thus typhus is figura- 
tively “in a fog.” 
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from caecus: Italian: cieco, cecita; Portu- 
guese: cego, cegueira; Spanish: ciego, 
ceguedad (or ceguera). Although the French 
uses the Latin caecitas (blindness) for its 
noun, cécité, the adjective form derives from 
oculus, eye, referred to in the note above: 
aveugle, that is, aboculus, ab, without, and 
oculus.“* It is from the French aveugle that 
we in turn in English derive inveigle, that 
is, to hoodwink or to blind a person to facts. 

In a language as unrelated to the classical 
as Hawaiian, the same element of blindness 
as darkness also appears. The Hawaiian word 
for “blind in one eye” is makapa’a; for 
“completely blind,” makapo. The root maka 
is face or eye and pa’a is tight, fast, or se- 
cure, that is, an eye shut tight forever; po is 
night or dark or obscure, that is, both eyes 
obscured forever by darkness.’° 

Throughout its etymological development 
the word blindness is related to darkness. 
The physical loss of sight is so closely allied 
to the physical absence of light that the 
etymological metaphor as seen in the ex- 
amples above is inevitable. 

200 Rhode Island Avenue, N_E. (2) 
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NOTES, CASES, INSTRUMENTS 


GALACTOSEMIA AND 
GALACTOSURIA* 


Mattuew M. Steiner, M.D. 
Chicago, Illinois 


Galactosemia and galactosuria or galactose 
diabetes, as it is sometimes referred to, is a 
congenital metabolic anomaly resulting from 
an inability to metabolize galactose ade- 
quately.* 

This syndrome is characterized by malnu- 
trition, hepatomegaly, cataracts, occasional 
mental deterioration, and the laboratory find- 
ings of galactosemia, galactosuria, and al- 
buminuria. While this abnormal metabolism 
of galactose has serious effects on growth and 
development, as well as upon the eyes, the 
process may be reversed if it is diagnosed 
early and galactose is removed from the diet. 


CASE REPORT 


History. This white male infant was de- 
livered by section during the eighth month 
of gestation because of toxemia of pregnancy. 
This was the mother’s first pregnancy and 
there was no history of familial diseases. 

The child weighed 3.5 kg. at birth and the 
immediate postnatal condition was good. 
However, he took feedings poorly and 
seemed listless after the second day. Despite 
various changes in the formula, he did poorly 
and lost weight. 

On the ninth day, jaundice appeared and 
lasted for three days. On the 10th day, ex- 
amination of the urine disclosed a positive 
test for reducing substance as well as albu- 
min. Subsequent examinations of the urine 
disclosed the same findings. 

He did poorly at home, and during the 
fourth week, a large mass was found in the 


* Presented before a joint meeting of the Chicago 
Ophthalmological Society and the Chicago Diabetic 
Association, May, 1952. 

+t Langewisch, W. H., and Bigler, J. A.: Dis- 
orders of glycogen metabolism. Pediatrics, 9:263 


( Mar.) 1952. 
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right upper quadrant and he was hospitalized 
at Children’s Memorial Hospital. 

On admission, the pertinent findings were 
poor nourishment, listlessness, lamellar cata- 
racts in both eyes, and an enlarged liver (five 
cm. below the costal margin). Dr. Gamble 
noted that the cataracts were the same in 
both eyes and involved a large portion of the 
center of the lens and the infantile nucleus. 
He concluded, therefore, that it occurred 
close to the time of birth. 

The laboratory findings revealed a positive 
test in the urine for reducing substance and 
albumin. Qualitative tests of urinary sugar 
revealed negative Seliwanoff for levulose, 
negative Tauber for pentose, positive mucic 
acid test for lactose and galactose, and a posi- 
tive Rubner test, which rules out lactose. 
Hence, the reducing substance in the urine 
was galactose. Plasma protein, cholesterol, 
and cholesterol esters were normal. Pro- 
longed prothrombin time and positive cepha- 
lin flocculation test indicated some liver dam- 
age. There was a moderate anemia. 

Glucose tolerance tests, at this time, re- 
vealed very high values due to the high blood 
galactose levels. 

On the 13th hospital day, the patient was 
placed on a mull-soy formula (mull-soy is a 
lactose-free soy bean milk). At that time 
he weighed the same as on admission—3.5 
kg. A prompt gain in weight occurred. 
Within three days, reducing substance disap- 
peared from the urine and on the fifth day of 
this regime, the albuminuria was gone. 

Glucose tolerance tests after treatment 
showed almost normal values. Adrenalin and 
insulin tolerance tests gave normal values. 

On the 17th day, edema appeared and re- 
sponded to plasma and blood. The total pro- 
tein was 3.3 gm. percent at this time and rose 
to 4.5 and 6.12 gm. percent. 

On the 27th day, the infant was again 
placed on an evaporated-milk formula con- 
taining lactose and the laboratory tests were 
repeated. The weight was 3.9 kg. In 24 hours, 
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galactose appeared in the urine and five days 
later albumin appeared. The cephalin floccu- 
lation test and prothrombin test became ab- 
normal. The weight dropped to 3.6 kg. 

He was again placed on a lactose-free 
formula—Nutramigen—and gained 0.2 kg. in 
one week. Again the galactose, as well as the 


albumin, disappeared from the urine. At this 


time the liver was still enlarged to five cm. 
below the costal margin. The cataracts were 
still extensive. He was discharged on a 
Nutramigen formula with banana and cereal, 
after one and one-half months in the hospital. 

In February, 1952, when the child was 
again hospitalized for evaluation, several 
definite changes were noted. At 14 months he 
weighed 18.5 pounds; he was alert, sat and 
stood up and seemed normal mentally. 

Dr. Gamble found, on ophthalmic examina- 
tion, that each lens showed a vague refractile 
ring which corresponds to the edge of the 
lens nucleus. It was refractile rather than 
opaque. It was much less evident than pre- 
viously, although it seemed larger because the 
nucleus was larger. The liver edge was just 
below the costal margin, in contrast to five 
cm. below at the time of discharge in June, 
1951. 

Galactose tolerance tests showed better 
tolerance : fasting : 0; at one-half hour, 50; at 
one hour, 124; at two hours, 137; at three 
hours, 169. Cephalin flocculation was one 
plus. Total protein, albumin, and globulin 


were normal. 


Discussion 


Infants with galactosemia appear to be 
normal at birth and for a few days after- 
wards. There is no icterus, hepatic enlarge- 
ment, or signs of portal obstruction until 
milk has been ingested for several days. It 
seems apparent that there may be a quanti- 
tative variation in the severity of the defect 
of galactose metabolism. With complete or 
nearly complete inability to metabolize galac- 
tose, death may occur within a few days after 
birth. Others, who survive, can apparently 
metabolize some galactose but usually are 
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severely malnourished by the time they reach 
the age of two or three months. 

The case presented here showed most of 
the cardinal findings : poor nutrition and poor 
weight gain, cataracts, hepatomegaly, galac- 
tosuria, and albuminuria. Edema may _ be 
marked and cases have been reported with 
ascites. 

Laboratory studies show increased pro- 
thrombin time, decrease in plasma proteins, 
positive cephalin flocculation, abnormal 
bromsulfalein retention, and intolerance to 
galactose. 

High levels of reducing substance are 
present in the blood, the greater part of 
which is due to galactose. The oral galactose 
tolerance tests show a high prolonged curve 
of nonfermentable reducing substance (ga- 
lactose) accompanied by a simultaneous fall 
in fermentable reducing substance (glucose ). 

Concerning the pathogenesis of galacto- 
semia—the liver is infiltrated with fat as a re- 
sult of an inability to metabolize galactose 
normally. It has been suggested by Bell and 
others that this is comparable to the situa- 
tion in poorly controlled human or experi- 
mental diabetes, where the abnormal metabo- 
lism of glucose is often associated with fatty 
infiltration of the liver. 

Distention of the hepatic cells with fat may 
have two secondary effects : 

1. It can produce (a) intrahepatic biliary 
obstruction with jaundice; (b) intrahepatic 
portal obstruction with ascites, 
splenomegaly, and abdominal venous disten- 
tion; (c) degeneration or necrosis of hepatic 


venous 


cells with scarring or cirrhosis. 

2. The lipid infiltration of the liver inter- 
feres with hepatic function, as evidenced by 
positive cephalin flocculation thymol 
turbidity tests, retention of bromsulfalein, 
and lowering of the plasma proteins and pro 
thrombin. It is probable that, if the intoler- 
ance to galactose were not complete, the in- 
ability of the liver to metabolize the sub- 
stance would be accentuated when hepatic 
function was diminished by the infiltration of 
fat. In other words, once the liver becomes 
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fatty, the galactosemia and galactosuria may 
be secondary reactions in part. 

Prognosis in this disease depends upon the 
patient’s age when the diagnosis is estab 
lished. If severe liver, kidney, and brain 
damage is allowed to occur, the prognosis is 
poor ; however, if therapy is instituted early 
in the course of the disease, the pathologic 
manifestations are reversible. 

There is usually a prompt weight gain 
upon elimination of lactose from the diet. 
Hepatic function is improved and the size of 
the liver diminishes. The albumin and galac- 
tose disappear rapidly from the urine. In- 
creased tolerance to ingested galactose may 
appear. The cataracts may disappear after 
several months, if therapy is instituted early 
in life. 

Treatment 
lactose-free diet by using a milk substitute 


of this disease consists of a 


such as Nutramigen or soy-bean formula. A 
diet high in carbohydrate may also be im- 
portant, for it has been shown experimentally 
to improve the galactose tolerance and to 
minimize the effects of small amounts of 
galactose unavoidably included in the pa 
tient’s diet. In view of the excessive hepatic 
fat, choline might also be included in the 
diet. 
6351 North Broadway (10) 


FORCEPS-LOOP 
FoR INTRACAPSULAR LENS EXTRACTION 


Epwarp Grom, M.D. 


Porlamar, Venezuela, S.A. 


It is well known that sometimes during 
extraction of a cataract using the capsular 
forceps, complications oblige the use of the 
loop. That means, that at any moment dur- 
ing traction on the lens capsule, the forceps 
may miss contact with the lens. Once the 
ligament of the lens is broken it may be 
necessary to finish the extraction over the 
loop. 

At the moment it is necessary to substitute 
the capsular forceps for the loop time is lost 


Fig. 1 (Grom). Front and side views of the 
forceps-lo »p. 


in changing instruments. Also, this action 
causes the surgeon to lose, if not the visual 
control, at least his manual control over the 
area, especially over the partially extracted 
lens. In order to avoid that trouble, a com- 
bination of the excellent Arruga forceps 
and the Snellen loop was made. 

The upper part of the loop was welded to 
the base of the forceps, care being taken 
not to turn up the ends of the forceps. If 
it is necessary to exchange forceps for 
loop, a rotatory movement of the forefinger 
will accomplish this. 

Edo. Nueva Esparta. 


Thanks are expressed to Mr. Alvaro Terren for 
making the instrument. 


IMPROVED TUCKER 
J. Harrison, M.D. 


Philadelphia, Pennsylvania 


AN MUSCLE 


My first experience in muscle surgery was 
with the Todd tucker. This instrument in 
my inexperienced hands proved somewhat 


a tis. 


Fig. 1 (Harrison). An improved muscle tucker. 


awkward and difficult to use. The tucker laid 
flat over the eye, and one needed dexterity 
and patience to obtain a sufficient tuck and 
added ability to introduce the suture through 
the muscle. 

It occurred to me that, if an instrument 
was so constructed that it would lie in the 
perpendicular plane, one would have ample 
room to obtain a sufficient tuck and cer- 
tainly the suture could be introduced in an 
easier fashion. 

To facilitate the suture introduction, the 
tucker was made with a notch in either blade 
which produced a large enough opening for 
the passage of the needle and prevented in- 
jury to the sclera. 

I still believe that this notch is the most 
important part of the instrument and while 
most tuckers today have this notch, I must 
claim priority for its introduction. Such an 
instrument was reported by me at the Janu- 
ary, 1928, meeting of the College of Physi- 
cians, Philadelphia, and later reported in the 
AMERICAN JOURNAL OF OPHTHALMOLOGY 
of April, 1928. 

This instrument consists of two principal 
parts: (1) The equivalent of a spring for- 
ceps, the blades of which may be approxi- 
mated by means of the nut and threaded bar ; 
(2) a hook, situated between the forceps 
blades and which may be raised or lowered in 
relation thereto by means of a nut shown at 
the upper extremity. 

The instrument is applied perpendicularly 
to the muscle, with the crossbars forming its 
base squarely at right angles to the edges of 
the muscle. The hook is lowered sufficiently 
to be passed under the muscle, then, by 
means of the nut above, the hook is raised, 
drawing the muscle up between the blades 
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of the forceps and creating a tuck or loop. 

When sufficient length of muscle has been 
drawn up, the forceps are closed by means 
of the nut at the side of the instrument, and 
the muscle loop is securely held while a 
double suture, guided by the notch at the 
extremities of the blades, is passed through 
the center of the muscle. 

Advantages of the instrument are : 

1. Simplicity of instrument, with result- 
ant simplicity of operation 

2. Easily sterilizable 

3. Amount of muscle tucked easily seen 

4. Notch in instrument prevents injury to 
sclera and permits easy introduction of the 
suture 

5. Closure of the blades on the muscle 
tuck avoids traction when tying suture, 
giving a secure, tight knot 

6. There is no interference by assistant’s 
hands, as the instrument can be held by the 
distal extremity and the operator has free 
access to the muscle. 

For sometime I have noted that occa- 
sionally one met up with a rather wide and 
somewhat thinner muscle so that, at the time 
of tucking, the muscles overhung the two 
blades, and it was necessary to loosen the 
center nut so that one might tuck that part 
of the muscle under while it was being tied. 
It was necessary to repeat the same pro- 
cedure on the opposite half. To overcome this 
difficulty, the following improved tucker is 
presented (fig. 1). 

You will note that the cross part of the 
blade now describes an arc which permits 
the muscle to bunch together so that the 
entire muscle is within the confines of the 
hook. This has proved quite satisfactory, 
and I believe it to be a definite improvement. 

135 South 17th Street. 
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PROBABLE TOXOPLASMIC 
CHORIORETINITIS 


Martin P. Koxe, M.D. 
San Diego, California 


Sabin" has stated that there is no evidence 
to show chorioretinitis can be a manifesta- 
tion of toxoplasmic infection occurring at 
any time after the birth of the individual. 
Wilder? has found organisms with morpho- 
logic characteristics of toxoplasma in granu- 
lomatous chorioretinal lesions but, in review- 
ing the literature, points out that chorioretini- 
tis has not been observed in mothers of in- 
fants with toxoplasmosis. 

This report presents further evidence that 
toxoplasmosis may produce chorioretinitis 
in an adult. 

A white woman, aged 25 years, was seen 
on July 27, 1945. She had noted poor vision 
of the left eye two weeks before the birth of 
a child on November 20, 1944. 

External eye examination showed no ab- 
normalities. With lenses, the vision was: 


R.E., 20/15; L.E., 20/400. 


Fig. 1 (Koke). Skull X-ray film taken when the 
child was aged six months. 
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Ophthalmoscopic examination disclosed 
no abnormalities in the right eye. The left 
macula was occupied by an elevated, yellow- 
ish-gray lesion. On the summit of the mass 
was an irregular, dense, white cap. The su- 
perior portion of the lesion was dark gray 
and it appeared to be draped over the main 
body of the yellowish-gray tumor. Stria from 
the lesion radiated into the surrounding 
retina. 

The ocular media were clear and no other 
lesions or abnormalities were noted in the 
eye. 

On June 8, 1945, before seeing this pa- 
tient I examined her daughter, aged six 
months, because the mother had noted the 
child’s eyes were crossed and the right 
pupil looked gray. The child had ocular 
nystagmus, convergent squint, and slight 
ptosis of the right upper lid. She did not fix 
or follow a point light. 

There were a few folds in 
membrane and each cornea appeared small. 
The anterior chambers were very shallow 
and a few posterior synechias were present 


Descemet’s 


Fig. 2 (Koke). Skull X-ray film taken when the 
child was aged eight years. 


—— —— 
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in each eye. No signs of active inflammation 
were seen. 

Immediately behind the right lens and 
apparently in contact with the posterior cap- 
sule was a dense, grayish-white mass or 
membrane. There was no fundus reflex. A 
grayish-white mass occupied the entire tem- 
poral two thirds of the left vitreous cavity 
and, although a red reflex was seen from 
the remaining fundus, the detail was obscure. 
Skull X-ray intracranial 
calcification compatible with a diagnosis of 


studies showed 
toxoplasmosis. 

The baby was a full-term child, weighing 
five pounds one ounce at birth. The mother 
did not have measles or any other illness 
during her pregnancy. The house in which 
she lived during her pregnancy had many 
rats and fleas. She and two older children 
were bitten many times by the fleas. The 
family had a fox terrier which had a skin 
disease. 

In May, 1952, the serum of the mother 
was positive for toxoplasma antibodies in the 
titer of 1:256 and the child in the titer 1 :64. 
According to Dr. H. A. 
serology data support a diagnosis of toxo- 


Feldman, these 
plasmosis. The two older children ( Septem- 
ber, 1952) had no antibodies to toxoplasmo- 
sis. The mother has had a normal child since 
the one described. 

The mother was last examined in August, 
1952. The lesion of the left macula was less 
elevated and areas of pigmentation and de- 
pigmentation were present. 

The child was last examined in Septem- 
ber, 1952. She was in Pacific Colony State 
Hospital, an institution for mentally defec- 
tive patients. Her head appeared smaller 
than normal. She had recurrent attacks of 
clonic spasms of her extremities. She was 
unable to sit alone and did not respond to 
visual or auditory stimuli. 

The pupils did not react to light and she 
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did not fix or follow a light. The lens of the 
right eye was opaque. Posterior synechias 
were evident. 

The cornea of the right eye was small and 
faintly cloudy. The pupillary portion of the 
iris appeared retracted. The intraocular pres 
sure was normal to palpation. 

The cornea of the left eye was small and 
a few grayish deposits were evident in the 
nasal and temporal portion near the limbus. 
A few posterior synechias were seen. The 
lens was grossly normal and a gray mass 
occupied the temporal half of the vitreous 
cavity. A red retlex was evident in the re- 
maining fundus but details were obscure. 
The intraocular to 
palpation. There was an increase in the intra- 


pressure was normal 
cranial calcifications seen on skull X-ray 


studies. 


SUMMARY 


A case of chorioretinopathy in an adult, 
which may be due to toxoplasmosis, is pre 
sented. The evidence is clinical or circum- 
stantial. Approximately two weeks after 
onset of the chorioretinal disease the patient 
delivered a child who had extensive intra- 
ocular disease, intracranial calcification, and 
The 


serum was positive for both mother and child 


positive serology for toxoplasmosis . 


seven years after the disease was noted. 

The striking characteristics of the mother’s 
lesion were: yellowish-gray color, elevation 
with radiating retinal stria, absence of vitre- 
ous opacities when first seen and when seen 
seven years later, absence of satellites. It was 
my impression that the lesion was a choroidal 
inflammatory mass which elevated and de- 
stroyed the overlying retina. 

233 A Street. 

I wish to express appreciation to Dr. George 
Tarjan of Pacific Colony State Hospital for per- 
mission to examine this child, and to Dr. H. A 
Feldman for providing the serology examinations. 
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CHICAGO 
OPHTHALMOLOGICAL 
SOCIETY 
May 19, 1952 


Dr. GLENWAY W. NETHERCUT, president 


(A joint meeting with the Chicago Dia- 
betic Association at the Chicago-Illini Union. 
The clinical meeting was presented by the 
Department of Ophthalmology, University 
of Chicago. ) 


HEMANGIOBLASTOMA OF RETINA 


Dr. Duvact B. Jaros: Von Hippel’s dis 
the retina, 
emerged as an entity at the turn of the cen- 


ease, or hemangioblastoma of 


tury, and less than 30 years ago its associa- 
tion with systemic hemangioblastomatosis 
The shown 


hereditary passage and is thought to be a 


Was recognized. disease has 
result of mesodermal maldevelopment in the 
first or third month of fetal life. 

Pathologically it consists of proliferation 
of hemangioblasts at one or more foci in the 
retina, and the clinical course follows logi- 
cally the events attendant on the development 
of such a tumor. 

The young endothelial cells forming the 
tumor have two potentialities: (1) To form 
capillaries and (2) to 
Pursuant to the first property, a capillary net 


pass transudate. 
forms between two supplying vessels, and 
the vessels enlarge hugely in response to the 
new load. As a result of the second prop- 
erty, cystic spaces form in the tumor, and 
eventually the retina is split by dissecting 
transudates. 

Back pressure through the dilated vein 
causes widespread changes—retinal exu- 
dates and edema, retinal hemorrhage, vitre- 
ous hemorrhage, clouding of the vitreous, 
and retinitis proliferans. 

If untreated, the eye is invariably lost, 
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either through total detachment alone, or 
through glaucoma, or through direct exten- 
sion with rupture of the globe. 

Case Report. This 26-year-old white man 
noticed an inferior nasal scotoma in the left 
visual field ago. When first 
seen in October, 1951, the scotoma was evi- 


nine months 
dent on examination and vision in the eye 
was 20/70. 

examination revealed two huge 
vessels, arterial in color, coursing together 
from the disc to the equator at the 2-o’clock 
position, where they disappeared without 
branching into a small (1.5 dise diameters), 
elevated, round white mass. The vessels were 
six times normal size and were tortuous. The 
vein could be identified by its tributaries, 

Some retinal traction folds and exudates 
were present along the course of the vessels. 


Early retinitis proliferans was evident, and 


the vitreous was slightly clouded. Neuro- 
logic examination and X-ray studies dis- 
closed no Lindau’s component. 

In December, two months later, vision 
was reduced to 20/200 and the scotoma in- 
cluded the fixation point. Fundus examina- 
tion revealed progression of the damage with 
shrouding of the vessels in glial tissue, and 
the presence of frankly yellow transudate 
elevating the retina near the tumor. The 
tumor had not changed in size. Retinal exu- 
dates were more generalized. 

In early January, three radon seeds, each 
two millicurie in strength, were sutured to 
the scleral coat over the tumor. They were 
removed 41 hours later, giving a calculated 
dose to the tumor of 4,500 r. Healing of the 
wound was satisfactory. 

In subsequent examinations there was little 
change in the fundus picture for two months, 
then the vessels began to diminish in size un- 
til, at present, four months postoperatively, 
the artery is half its original size and the 
vein is reduced by one third. The tumor mass 
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seems unchanged, and its elevation is perhaps 
a little increased. 

Tension in the left eye has consistently 
been a little higher than in the right, running 
about 23 mm. Hg (Schigtz). 


CHORIORETINITIS AND PERIPHLEBITIS 


Dr. Vernon K. S. Jim presented a 36- 
year-old white woman, first seen in the eye 
clinic on February 1, 1950, with the com- 
plaint of foggy vision and a black spot in 
the vision of the left eye on lateral gaze, of 
three weeks’ duration. The onset was spon- 
taneous. Vision at this time: R.E., 20/20+ ; 
L.E., 20/10—3. 

The patient’s past history was essentially 
negative. The family history revealed that 
her mother developed blindness before death 
from nephritis at the age of 56 years; a 
grandmother became blind two years before 
death with etiology unknown. 

External examination of both eyes showed 
normal findings. The corneas and anterior 
chambers were normal. Schigtz tension was 
normal. 

Examination of the right fundus revealed 
an essentially normal right eye. 

The left eye showed vitreous opacities and 
some clouding of retinal details. A large 
chorioretinal lesion was noted about two 
disc diameters below the disc, measuring 
about 2.0 by 2.0 disc diameters in size. The 
external area appeared white with a rim of 
black pigment in the periphery. Small exu- 
dates were noted around this lesion, espe- 
cially in the area between the lesion and the 
macular area. 

Complete laboratory examinations showed 
nothing of significance. There was a trace of 
albumin in the urine. Blood agglutination 
tests for typhoid, paratyphoid, tularemia, 
and brucellosis were negative. A chest micro- 
film was noted as negative. However, a full 
size chest X-ray film showed a small patch 
of faint clouding in the right apex with 
pleural thickening. This was interpreted as 
a minimal right apical lesion, presumably 
tuberculosis. 
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A daily temperature record revealed no 
abnormal variations. The skin tests to old 
tuberculin were positive; to brucellergen, 
Frei, Dipylidium caninum, Trichinalla, toxo- 
plasma, histoplasmosis, and coccidiosis the 
skin tests were negative. 

The clinical impression at this time was 
a chorioretinitis of possible tuberculous eti- 
ology. The patient was hospitalized for two 
weeks and placed on streptomycin-PAS 
therapy (1.0 gm. of streptomycin and 8.0 
gm. of PAS). No abnormal toxic effects 
were noted. 

The edema of the lesions subsided and the 
satellite lesions decreased in size. When dis- 
charged two weeks later there was disappear- 
ance of the satellite lesions in the left eye. 

The patient was seen at three-month in- 
tervals and remained relatively well until 
April, 1952, when she noticed blurring of 
vision in the right eye, seven weeks after 
having delivered a child. 

Examination revealed a normal cornea and 
anterior chamber. Ophthalmoscopic  ex- 
amination of the right eye showed a peri- 
phlebitis of the superior nasal vein mani- 
fested by strands of white connective tissue 
and tortuosity of vessels. The chorioretinal 
lesion in the left eye appeared unchanged. 

A chest X-ray study showed small calcific 
nodules in the upper one third of each lung 
compatible with an old minimal tuberculous 
lesion. There was no evidence of present ac- 
tivity. 

Blood tests, urinalysis, and Kahn test gave 
negative reactions. Skin tests were positive 
to O.T. in 1:10,000 and 1:1,000 dilutions; 
other skin tests were negative. 

It was decided to place this patient on 
isonicotinic acid hydrazide therapy—the new 
antituberculous drug. She is now receiving 
50 mg. three times a day by mouth. Subjec- 
tively there has been slight improvement in 
the vision of the right eye. However, she has 
not been on this therapy long enough for 
complete evaluation. 

Ocular tuberculosis is usually secondary 
to tuberculosis elsewhere in the body and 


SOCIETY PROCEEDINGS 


rarely primary in the eye. Also, patients 
with active tuberculous lesions in the body 
rarely show ocular involvement, whereas, 
apparently normal healthy individuals with 
healed tuberculous lesions frequently show 
ocular tuberculosis.. 

Involvement of the uveal tract may occur 
as a disseminated chorioretinitis, as seen in 
this patient. Clinically this cannot be differ- 
entiated from luetic or other types of un- 
known chorioretinal lesions. 

Tuberculous periphlebitis usually occurs 
im young adult males. Whitish streaks are 
usually seen along the veins, most frequently 
in the periphery. If the periphlebitis is severe, 
retinitis proliferans may result which, in 
turn, may lead to localized retinal detach- 
ment. A serious complication is sudden loss 
of vision due to a massive vitreous hemor- 
rhage. 


OPHTHALMOSCOPIC CHANGES IN CHILDREN 
WITH DIABETES MELLITUS 


Dr. ARLINGTON C. Krause: In 1941, 
Duke-Elder in his exhaustive encyclopedia 
wrote that diabetic retinopathy was rare 
under the age of 40 years. He could find 
only six reports at that time. The reason is 
that in the pre-insulin era, children did not 
live long enough to develop retinitis of any 
degree. Many times they died in a few 
months. With the prolongation of life with 
insulin, retinitis came later in life until now 
it is relatively common among children, 
adolescents, and adults with juvenile dia- 
betes. 

Since 1940, innumerable cases have been 
reported. Joslin, who studied diabetes for a 
lifetime, said “ocular complications in dia- 
betes are frequent, distressing, and destined 
to become one of the challenging problems 
of the future.” This statement is particu- 
larly true for juvenile diabetics who are now 
surviving through careful diabetic manage- 
ment. So we see a progressive increase in 
numbers of patients with diabetic retinopa- 
thy. 

The observations and, accordingly, the 
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statistics on juvenile diabetes depend greatly 
upon the observer, the type of patient, the 
time, and the clinic. For instance, intelligent 
patients who are well controlled and are fol- 
lowed closely in a diabetic clinic for years 
give a better insight into the course of juve- 
nile diabetic retinopathy than those followed 
in an eye clinic. 

In the eye clinic children or adolescents 
with diabetic retinopathy are rarely seen. In 
contrast, many adult eye patients are found 
to be diabetic by means of urine and blood 
tests after their indicative fundus signs are 
observed. Some of these patients had juve- 
nile diabetes. 

In this discussion, I shall try to summarize 
the impression I have received from more 
than 100 cases of juvenile diabetes followed 
by the Metabolic and Pediatric Clinics at the 
University of Chicago. Patients with the 
onset of diabetes mellitus before the age of 
15 years are considered to be juvenile dia- 
betics. The amount of ocular damage seems 
to follow: (1) The severity of the disease ; 
(2) the duration of the disease; (3) the de- 
gree of the control of diabetes. 

In general, patients who require less than 
60 units of insulin a day tend to have less 
severe retinal disease than those who require 
more. Furthermore, the disease tends to be 
seen later in life ; however, this is not a close 
correlation. Children who have diabetes that 
is difficult to control may have severe and 
rapid retinal damage. Usually children who 
have diabetes when they are less than five or 
six years of age have less retinal damage 
than older children. This is apparently be- 
cause of the ease of diabetic management in 
the younger child by parents and by physi- 
cians, 

If large groups of juvenile diabetics are 
surveyed, it seems that the retinopathy is 
related to the duration of the disease. This 
is most apparent in unclassified cases. A 
good comparison cannot be made with un- 
classified cases because of too many vari- 
ables. But it also is evident in cases which 
are rigidly controlled and in which there 
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is no other disease. A small number of good 
observers believe that the ocular disease has 
no relation to the duration of the diabetes. 

There seems to be little doubt that the 
degree of control of juvenile diabetes is 
associated with the severity of retinal dis- 
ease. There seems to be no time limit on the 
duration of good vision or prevention of 
retinopathy in diabetic patients under good 
treatment, and with proper cooperation, who 
are otherwise healthy. 

A well-controlled patient may have mod- 
erately severe diabetes from childhood for 
20 to 30 years without having any signs of 
damage to the lens or retina. A relatively 
few rigidly controlled patients will show 
signs of retinal damage in spite of treatment. 

The retina may show microaneurysms and 
punctate exudates. The lesions are usually 
few and small. 

In patients less rigorously controlled, the 
degree of retinopathy tends to vary with 
the treatment and diet. Of course, there 1s 
much overlapping of the degree of retinopa- 
thy in these patients in relation to method 
and kind of Other 
course, have an influence on the course of 


control. diseases, of 
diabetes. Pregnancy, kidney disease, hyper- 
tension, arteriosclerosis,, infectious diseases, 
and, perhaps, heredity may modify the di 
abetic changes in the retina. It seems that 
the irregular course of juvenile diabetes is 
responsible for many problem patients with 
ocular disease. 

The retinopathy in juvenile diabetes is 
quite uniform in most cases. Vision is almost 
always normal for many vears with or with- 
out punctate hemorrhages. Vision is a rela- 
tively poor index of retinal disease. 

Venous dilatation is the first visible sign 
in the retina. Punctate hemorrhages or 
microaneurysms are next seen, in or near 
the macular area, and sometimes far out in 
the periphery of the retina. Often they are 
obscure and may be difficult to see. They 
may precede the exudate by years. 

White exudates in dots may accompany 
or follow the appearance of hemorrhages. 
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Evidently the deep punctate hemorrhage ends 
in a microaneurysm. The punctate exudate 
and hemorrhage may come and go even in 
severe diabetes. If the exudates become large 
and confluent it takes months and years for 
them to disappear. The punctate hemor- 
rhages may disappear in a few weeks. 

Both types of lesion may occur in spite of 
proper treatment. Commonly, they are seen 
10 to 20 years after the onset of diabetes in 
the treated patient. 

The venules and their connecting capil 
laries in the retina and on the disc may show 
dilatation, aneurysms, and sacculation. They 
are visible in a bright light with a polarized 
yellow-green filter. Transillumination may 
help to make them evident. 

Striate or large hemorrhages occur late in 
the chronic disease or in the acute form. 
Usually by this time the venules and veins 
are affected. Iris vessels also may be visible. 
If exudate or hemorrhage passes the internal 
limiting membrane, retinitis proliferans and 
neovascularization may occur. 

In partly uncontrolled severe juvenile di- 
abetes, there is some evidence that a low in 
traocular pressure may result in dilatation 
of the veins and cause leakage of serum or 
blood from the damaged venous system. It 
has occurred unilaterally in eves with the 
lower intraocular pressure in juvenile di- 
Marked with hemor 
rhages and proliferation of connective tissue 


abetes. retinopathy 
may result in a searred retina after treat 
ment. 

In some patients there seems to be an 
inherent tendency to become careless about 
diet and treatment. In some patients, when 
seen for the first time, the retinitis is mild 
in spite of a high blood sugar. The explana- 
tion is that the diabetes is of short duration. 

Most clinics report a high frequency (13 
to 16 percent) of diabetic cataracts in juve- 
nile diabetes. We have seen less than five 
percent. Diabetic cataracts may occur in spite 
of closely controlled treatment. In the adult 
patient who has had juvenile diabetes, cata- 


racts may appear earlier. 
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The argument has been advanced that the 
lens is predisposed toward cataract as a 
genetic variation or has been injured previ- 
ously by a nondiabetic condition. Treatment 
of the diabetes in the early acute stage may 
prevent advancement of the lens changes or 
may reverse them. 

Early strict treatment, a mild form of dia- 
betes, and a young child are the favorable 
factors of treatment of lens disturbance. 

The with 
diabetic retinopathy in children are: severity 


various conditions associated 
of the diabetes, long duration of disease, poor 
kidney high petechial 
counts, high blood pressure, sclerosis of 


control, damage, 
peripheral vessels, and poor health. 

Rigid and constant control of the diabetes 
is the most important factor in the preven- 
tion and healing of the retinal lesions and, 
of course, prolongation of life of the juve- 
nile diabetic. Proper treatment of the ocular 
diabetic lesions and prevention of blindness 
is mainly in the hands of the internist. The 
difficulty is that a patient with juvenile di- 
abetes has a constant lifetime problem. 

Discussion. Dr. Alvah L. Newcomb: I 
agree with Dr. Krause on practically every- 
thing he said except that | feel the manage- 
ment of a young diabetic is not easy. These 
patients may have hypoglycemic reactions or 
it may not be possible to control the glyco- 


suria, 


One type of diabetic with a pathologic 


condition of the eyes not mentioned is the 
infant of a diabetic mother. We have had 
about 20 such infants and, of those, three 
had squint, two divergent and one con- 
vergent squint. I do not know why squint 
occurs unless it might be because of severe 
anoxia, Which occurred in two of these cases. 
In more than 250 children that | have seen, 
only one was found who developed cataract 
early. That child had had undetected diabetes 
for a year. He also had hemochromatosis, 
and it was impossible to manage him. He 
ate 10 or 15 slices of bread a day. Both 
eves Were operated on a year after I first 
saw him. 


I have seen lipemia retinalis once in a boy 
who came in in mild coma. He had had dia- 
betes probably not more than a month. Why 
he had such high blood cholesterol we do not 
know, but that is the reason we looked at 
the retina. We found a cholesterol of 870 
mg. percent. One other interesting case was 
a child who noted that he could not see to 
the side as well as he thought he ought to. 
It was found that he had narrowed temporal 
fields of vision. 

Pediatricians rarely see the serious condi- 
tions of which Dr. Krause spoke because, as 
a rule, the disease develops after the chil- 
dren have passed out of our hands. | can 
recall three cases that I saw after the war. 
Apparently, prior to 1941, retinitis prolifer- 
ans was not recognized, or diabetics had not 
lived long enough to dey elop it. 

One boy who was going into college had 
his eyes examined by a member of this so- 
ciety, and it was found that he had quite 
marked changes. In my crude ophthalmo- 
scopic examination, | could not see anything 
but hemorrhage. He had a blood pressure of 
190 Hg and had albuminuria. The 
diabetes started at the age of two years and 


mm, 


was discovered 17 years later. 

Then there was a girl, aged 21 years, who 
developed retinitis about 15 years after the 
onset of diabetes. She is a patient of Dr. 
Steiner’s and has been helped a great deal 
by one of the members of this society. The 
vision is still far from perfect. 

A third patient was a girl whose diabetes 
started at the age of six and one-half years. 
When we saw her two years later, the condi- 
tion was so severe that she required four 
doses of regular insulin a day. When we 
were able to give slow-acting insulin, she still 
required large doses. We transferred her to 
the adult clinic at the age of 16 years, and 
| heard nothing further from her until about 
1947 when she called me and said “Doctor, I 
have a lovely little baby girl. Can't you do 


something for me; | am going blind 
Dr. Richard C. Gamble: | would like to 
mention briefly a rare and unfortunate oc- 
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currence in a juvenile diabetic. This young- 
ster was watched from about the age of two 
years and, when she was at about the age of 
18 years, | began to notice that the retinal 
veins were very dilated and, as you well 
know, that is what is seen before rubeosis of 
the iris takes place. 

I did not know it at the time but she had 
not started to menstruate. As a rule an oph- 
thalmologist does not go into that history, 
but sometimes it is advisable. Someone gave 
her stilbesterol to start menstruation and, 
shortly thereafter, she had massive hemor- 
rhage of the vitreous, rubeosis of the iris 
developed, and secondary glaucoma. 

She was sent to Baltimore to get some 
advice on whether X-ray treatment should 
be given for the rubeosis of the iris. They 
sent her back with a schedule of what should 
be done and we gave her the X-ray treat- 
ment. 

The rubeosis entirely disappeared, the ten- 
sion returned to normal, the eye is perfectly 
comfortable, but she developed a cataract, 
partly, I suppose, because of the X-ray ther- 
apy and partly because of the disease she 
already had. 

It is advisable, therefore, in young dia- 
betic girls, not to use stilbesterol. 

Dr. Arlington C. Krause (closing): Dr. 
Newcomb’s mention of the association of 
squint with diabetic mothers is interesting. 
That is an entirely new idea so far as I 
know. I would be interested in studying the 
fundi of these newborn children of diabetic 
mothers. I am interested also in premature 
infants of diabetic mothers. As you know, 
women who are diabetic tend to have trouble 
in producing live children ; they may be still- 
born or may be premature. We are, of 
course, very much interested in prematures 
of all sorts, as you know. 

I would like to know whether Dr. New- 
comb has seen diabetes in infants. There is 
no reason why a child should not be born 
with diabetes and I would be interested in 
the pediatrician’s point of view as to what 
happens to the eyes in the early stages. 
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This problem is going to be more and 
more serious in the prevention of blindness. 
The number of diabetics appears to be in- 
creasing very rapidly,, and we are going to 
have more diabetic people coming to us 
earlier in life and as they grow older, be- 
cause the population as a whole is growing 
older. 


GALACTOSEMIA AND GALACTOSURIA 


Dr. MatrrHew M. Steiner presented this 
paper which appears on page 841 of this 
issue. 

Discussion. Dr. Richard C, Gamble: The 
occurrence of cataract in cases of galacto- 
semia is one of the most interesting things 
to be encountered in pediatric ophthalmol- 
ogy. It would be of much greater importance 
if the disease occurred more often. The 
number of cases of galectosemia reported 
in the literature is very small, therefore few 
pediatricians have ever seen a case and | 
am sure that even fewer ophthalmologists 
have seen one. 

In the cases reported before 1945 no men- 
tion is made of the presence of cataract, 
probably because no careful eye examina- 
tion was made. In 1945, Bruck and Rapo- 
port described the presence of cataracts and, 
in all the cases reported since, cataracts have 
been observed, so it is probable that they 
occur in all or nearly all cases. 

In 1932, Kirby reported the effect of galac- 
tose on the lens, and, in 1939, Gifford and 
Bellows described the histologic changes in 
the lens produced by galactose. They noted 
that the opacity appeared earliest in the corti- 
cal fibers near the equator, the capsular epi- 
thelium showed change later, and the nu- 
cleus remained clear until very late. In other 
words the new rapidly growing fibers were 
affected first. 

The point of greatest importance is that, 
both in experimental work on rats and in 
the clinical cases in babies, these cataracts are 
reversible if galactose is eliminated from the 
diet. 

A case of galactosemia with cataract was 
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seen at Children’s Memorial Hospital last 
year: 

Michael M. was admitted to the hospital 
on January 25, 1951, at the age of seven 
weeks. He had been delivered by Caesarian 
section because his mother had toxemia. He 
did not gain weight, had an enlarged liver, 
and had albumin and sugar in the urine but 
no acetone. The sugar was nonfermentable. 
Milk was eliminated from the diet and re- 
placed by Mull soy and Nutramigen. 

The lens in each eye had a peculiar ring 
which appeared to surround the nucleus; it 
was more refractile than opaque, but could 
be seen both by external inspection with 
oblique illumination and with the ophthal- 
moscope. The lens opacity did not disappear 
as fast as had been hoped, possibly because 
the rigid diet was not adhered to as well as 
could be desired, but by February, 1952, the 
ring could just barely be made out. 

Dr. David Shoch: The mechanism of both 
diabetic cataracts and galactose cataracts has 
been under investigation for many years and 
they present a most interesting phenomenon. 
We are apparently dealing with a quantita- 
tive disease. That is, the body can handle 
“normal” amounts of glucose or galactose 
and it is only when the concentration of 
these substances in the blood rises to great 
heights that cataracts develop. It is this point 
that I wish to make: that the cataract de- 
velopment is apparently dependent on the 
elevated blood sugar (galactose or glucose) 
rather than on the underlying disease per se. 

How can we explain this phenomenon? 
Dr. Steiner mentioned interruption of the 
metabolic pathways and I should like to 
elaborate this point somewhat. It is our be- 
lief that we are dealing with a saturation of 
one of the enzyme systems concerned with 
the degradation of glucose and/or the con- 
version of galactose to glucose. Since the 


conversion of galactose to glucose is poorly 
understood, we have turned our attention to 
the degradation of glucose. 

Glucose and galactose differ structurally 
only in the position of the hydroxyl group 
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on the fourth carbon atom, and the enzyme 
group known as aldolases operate to cleave 
the glucose molecule between the third and 
fourth carbon. We have, therefore, chosen 
to initiate our study by an investigation of 
these aldolases. 

I might add that other sugars, such as 
xylose and d-arabinose which are very simi- 
lar to glucose and galactose, except for the 
lack of one carbon in the chain, have also 
been reported to cause cataracts. 

Dr. James E. Lebensohn: It is entirely 
unnecessary to postulate a toxic effect of 
galactose to account for the characteristic 
clouding of the lens. The high osmotic pres- 
sure induced by galactosemia, over 300 mg. 
per hundred cc., is sufficient cause. Initial 
dehydration of the lens is followed by sub- 
sequent precipitation of the soluble proteins. 
The nucleus is less affected because of its 
relatively small content of soluble protein. 

Flocculation, which is reversible, occurs 
first; but if the galactosemia continues long 
enough, irreversible precipitation sets in. 

The apparent cure after the galactose diet 
is stopped or the galactosemia is otherwise 
ameliorated is due to the new-growing 
healthy fibers which compress the opaque 
substance, so that eventually a thin perinu- 
clear ring replaces the obvious cataract that 
was first visible. 

Dr. Matthew M. Steiner (closing): I 
should like to thank Dr. Shoch, Dr. Gamble, 
and Dr. Lebensohn for their contributions 
to this paper. Dr. Shoch’s discussion of 
chemistry is always very interesting. Prob- 
ably some day we will find out what to do 
about substituting for the enzyme. Dr. 
Lebensohn’s remarks made me think about 
some of the experiences we have had with 
these patients, and also those reported in 
the literature. Some of the cataracts have 
remained despite lowering of the galactose 
for some time, so that one feels that 
the cataract develops more on the basis of 
chronicity of galactosemia rather than on 
the extreme level of the galactose in the 


blood. 


KIMMELSTIEL-\WWILSON SYNDROME 

Dr. Henry T. Ricketts: The reason, | 
am sure, why the Kimmelstiel-Wilson syn- 
drome was selected for discussion this eve- 
ning is because of its very close relationship 
to diabetic retinopathy, in which all of you 
are interested. | promised Dr. Puntenney 
that I would not encroach upon his field any 
more than shall not talk 
much about retinopathy but, if I mention it 
once or twice, | hope that he will forgive me. 

The clinical picture of the Kimmelstiel- 
Wilson syndrome was described by these 


necessary, so | 


authors in 1936. It has become well-recog- 
nized by now, and consists simply of the 
appearance, in patients with long-standing 
diabetes, of albuminuria, edema, hyperten- 
sion, retinopathy, and, often, a low serum 
protein. Its course is slow and rather in- 
sidious. 

One sees in the diabetic clinic, patients 
who originally have no albuminuria and 
who, after some years, begin to show faint 
traces, then a little more, and, as the years 
go on, increasing amounts of protein in the 
urine. Gradually the other concomitants of 
the syndrome, the edema and the hyperten- 
sion, appear, and about that time, or possibly 
before, evidences of retinal disease. 

It has, compared to chronic glomerulo- 
nephritis of the ordinary variety, a rather 
benign and slow course and patients, instead 
of dying a few months after onset, may go 
on for a good many years. 

The incidence of this syndrome depends 
upon what kind of population we are talk- 
ing about, the quick or the dead. So far as 
examination of clinical patients is concerned, 
one finds this syndrome, at a stage when it 
can be confidently diagnosed, in about five 
percent of patients. In postmortem material, 
however, one can demonstrate lesions of the 
Kimmelstiel-Wilson type in approximately 
20 percent of all patients dying with dia- 
betes. So it depends upon the point of view. 

It is obvious, I suppose, that it is easy to 
recognize it clinically once the disease has 
progressed far enough, and by the time it 
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has progressed far enough to recognize clini- 
cally, the pathologic lesions are well ad- 
vanced. 

It is twice as common in women as in 
men—an interesting fact—at least according 
to studies from the Mayo Clinic which ap- 
peared a couple of years ago in an excellent 
article by Henderson, Sprague, and Wagener 
in the American Journal of 
1947. This is a very good piece of work from 
a pathologic point of view. Previous papers 


Medicine in 


have referred to the relation between reti- 
nopathy and the duration of diabetes. 
One may, with equal validity, refer to the 
between the Kimmelstiel-Wilson 
(intercapillary 


relation 
syndrome glomerulosclero 
sis) and the duration of diabetes. If there is 
one thing upon which all are agreed, it is 
that the duration, more than any other sin- 
gle factor, predisposes to the development 
of this picture. 

The question of whether this disease is 
related to severity of diabetes is much like 
the question concerning the retinopathy and 
the severity of diabetes. I would like to 
pause and go over with you for a moment the 
matter of how you tell whether a patient has 
severe diabetes or not. What are the cri 
teria? It is not nearly as simple as one might 
think, and I can assure you, first of all, that 
it is not merely a matter of insulin dosage. 

There are many patients who are quite 
sensitive to insulin, younger patients for the 
most part who, when insulin is removed, 
promptly go into acidosis. That may be true 
even though they take no more than 20 units 
of insulin per day—I am speaking of adults. 
On the other hand there are adult patients 
who require 80 or 90 or 100 or 150 units 
daily and who, when it is withdrawn, can go 
on indefinitely without any ketosis at all. 

Which patient has the more severe dia- 
betes ? I submit, the one who goes into acido- 
sis. 

It must be realized that the people who 
write and talk about these subjects have a 
difficult problem. How are they going to 


characterize severity of diabetes? If they 
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say it is I+ severe, or 2+ severe, they can 


be challenged—-what do you mean by 1+? 
They have to fall back on insulin require- 
ment, 

1 do not blame them, we all do it. I just 
want to warn you that insulin requirement 
is not a complete criterion for the severity of 
diabetes. So when we try to correlate the 
incidence either of retinopathy or Kimmel- 
stiel-Wilson disease with the severity of 
diabetes, we have to watch our step. 

With those reservations, and taking into 
account these difficulties | have spoken of, 
| will turn around and say that I think Kim 
melstiel-Wilson’s disease is more common, 
at least during life, in patients with severe, 
prolonged diabetes than it is in patients with 
mild diabetes or diabetes of short duration. 
Again, it depends upon whether one is speak- 
ing from the standpoint of the autopsy room 
or the clinic. The average age at death of 
patients dying with the Kimmelstiel-Wilson 
syndrome is 58 years. On the other hand, 
the average age of patients presenting them- 
selves to the clinic and exhibiting this syn 
drome is considerably under 40 years. 

What is the relationship between the inci- 
dence of intercapillary glomerulosclerosis 
and control of diabetes? Again I must refer 
to the analogy between this condition and 
retinopathy. How do you define control? It 
is not easy, any more than severity is easy to 
detine. 

You may see a patient once a week or 
once a month in your office, and take a blood 
sugar and have him bring a 24-hour speci- 
men of urine which shows a certain amount 
of glucose. If the glucose in the urine is as 
much as 10 gm. a day, let us say, and the 
blood sugar is around 120 mg. percent, you 
say this patient is reasonably well controlled. 
He comes back in a month and you find 
things approximately the same and you feel 
that he is still in pretty good control... 

But de you know what has been happening 
to him the other 29 days? You do not. 

He may furnish a record of his tests and 


that may be valid in some cases but I think 


invalid in others. 


What criterion are you going to set up for 


it would be quite 
how well a given patient is controlled? And 
over how long a time? 

One must not forget that the blood sugar 
represents a single incident in a long dia- 
betic life and that what counts in this busi- 
ness, if anything counts, is the day-to-day 
customary degree of control. So that we do 
not know what we are talking about, most 
of us, when we say our patients are well 
We 


ideas, we have suspicions, but to have in 


controlled or poorly controlled. have 
controvertible proof is a very different mat- 
ter. 

Dr. Krause referred to the difheulty with 
which some of the younger patients are con- 
trolled and so did Dr. Newcomb. If you 
take the position that good control of dia- 
betes prevents renal lesions as well as ret- 
inal, and then turn to the young patients 
about whom We are most concerned, you 
are discouraged and surprised to find how 
poor the control is in those patients despite 
the very best you can do. 

The instability of the young diabetic pa- 
tient is a very vexing thing and, although 
one may believe that good control delays or 
minimizes or prevents these lesions, never- 
theless to achieve that good control in young 
patients is no easy matter, 

The fact that young people so commonly 
develop Kimmelstiel-Wilson’s disease and 
retinopathy provides a poor basis for saying 
either that good control would prevent it or 
would not prevent it, because most of these 
youngsters are rarely very well controlled 
a large part of the time. 

These are really tangential considerations 
to which | think it is important to call atten 
tion. | shall return to the topic at hand, the 
Kimmelstiel-Wilson syndrome. 

( Slide.) This is a renal glomerulus and one 
sees here the typical spheroid globular bodies 
scattered throughout, to which Kimmelstiel 
and Wilson first called attention a number of 
years ago. Often this occurs with thickening 
of the afferent or efferent glomerular arter- 
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ioles, but it occurs by no means always. 

It is a lesion which is seen in a great many 
diabetics but not exclusively in diabetes, be- 
cause approximately 10 percent of patients 
dying with chronic glomerulonephritis also 
exhibit lesions which are to all intents and 
purposes indistinguishable from this one. 

The composition of these globular bodies 
has been a matter of considerable interest. 
They were at first thought to be hyaline but 
that did not hold up; amyloid, it certainly 
is not. 

The most recent work appearing from the 
laboratory of McManus indicates that this 
is one of the mucopolysaccharides. It takes 
the periodic-acid stain, with which you are 
familar from the work of Friedenwald 
who employed this stain for bringing out 
the capillary aneurysms in flat preparations 
of the retina. It is the stain that picks out 
carbohydrate in tissues and these globules 
take that stain rather well. 

If the globules contain mucopolysacchar- 
ides, it raises the question of whether the 
traversing of the glomerulus by a plasma 
highly concentrated with respect to glucose 
may have a causal relationship to the develop- 
ment of these bodies. That is entirely specu- 
lative at present; one can only raise the 
question. 

The Mayo Clinic investigators found that, 
in patients who showed this lesion to a 
marked degree, the diabetes has been in exis- 
tence for an average of 11 years; with mild 
lesions the diabetes has been in existence for 
only eight years and, finally, diabetic patients 
who showed no such lesions had had the dis- 
ease for only five years. So here is patho- 
logic evidence that duration has something to 
do with the appearance of lesions. 

Of the autopsied patients studied by the 
Mayo group, 60 percent with intercapillary 
glomerulosclerosis had had hypertension 
during life, 50 percent had poor pedal pulses, 
12 percent had gangrene, 23 percent had 
neuritis of the typical diabetic variety, and 
69 percent had retinopathy. Thus the close 
association of this lesion with other vascular 


lesions in diabetes is well brought out. The 
part of the vascular bed with which this has 
the closest affinity is the capillary system of 
the retina, and of course it is fascinating to 
speculate on what there may be in common 
between the renal glomerulus, the retinal 
capillaries, and the capillaries of the skin 
exhibiting increased fragility which predis- 
poses all of them to injury in diabetes. 

We speak of cause—we really do not know 
anything about it. We do not know whether it 
is the excessive amount of glucose passing 
through the kidneys which damages the ves- 
sels, or whether it is hyperlipemia, which 
occasionally is present in these cases but by 
no means always. In fact I think it is un- 
common for hyperlipemia to be present in 
a well-treated diabetic for any length of time. 

We have really not the foggiest idea of the 
pathogenesis of the lesions. Can they be pre- 
vented ? Again, like the eye story, that is open 
to question. I think the best answer to this, 
and I am going to use an eye slide, if I may, 
has come froma recent study. 

(Slide.) The Joslin group not long ago 
recalled 200 odd patients with diabetes, be- 
ginning in childhood, which had been up to 
20 years or more in duration. Out of this 
collection of diabetic patients, the retina was 
examined thoroughly in 103 patients, all of 
whom had had the disease for 20 years or 
more. 

Doing the best they could, despite the diffi- 
culties we have mentioned, to assign a level 
of control to these patients, they classed them 
as having had excellent, good, fair, and poor 
control. Control in the last group really was 
poor, there is no question about that; the 
excellent ones were probably pretty good ; the 
intermediate ones, I think, there is some ques- 
tion about. The degree of retinopathy was 
classed as none, minimal, moderate, and 


marked. 

Confining ourselves to the groups of ex- 
cellent control and poor control, one can say 
that of the four patients with excellent con- 
trol none had moderate or marked reti- 
nopathy, three had none, and one had mini- 
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mal. There are a total of 58 patients with 
poor control and 40 of them had moderate or 
marked retinopathy, six minimal, and 12 
none. 

| think this is very instructive. It tells us 
that, although 12 patients went for 20 years 
with poorly controlled diabetes, they did not 
develop retinopathy. On the other hand, it 
tells us that the majority of patients who 
were poorly controlled for long periods of 
time did develop retinopathy to a rather 
marked degree. 

The same thing can be said about the kid- 
neys; I do not have the figures but they are 
roughly similar. One has to say, then, that 
control of diabetes is not the whole story 
in preventing these lesions either in the kid- 
ney or in the eye, but that it probably does 
minimize the lesions in severity and delays 
the time of their appearance. So when you 
send your eye patients to the internist for 
the better control of diabetes and the pre- 
vention of the disease process in the eye, you 
are entitled to reassure the patient to some 
extent—but please don’t overdo it. 

Discussion. Dr. Irving Puntenney : Certain 
problems related to this subject are far from 
solution. So far as the ophthalmologist is 
concerned the following questions need to be 
answered : 


1. Can the ophthalmologist help in the 
recognition of the condition during life? 

2. What are the changes in the ocular 
fundi? 

3. What is the incidence of intercapillary 
glomerulosclerosis in patients examined by 
the ophthalmologist ? 


Kimmelstiel and Porter have shown that 
there are no definite clinical features to estab- 
lish the diagnosis of intercapillary glomerulo- 
sclerosis. The only sure diagnosis is a patho- 
logic diagnosis. One can say, however, that in 
a patient, 50 or more years of age, with 
chronic diabetes, nephrotic edema, and al- 
bumin in the urine, with a high blood choles- 
terol, a diagnosis of intercapillary glomerulo- 
sclerosis can be made with almost 100-per- 
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cent accuracy. Such a diagnosis is of im- 
portance because it carries a grave progno- 
sis, especially since the condition cannot be 
influenced by the treatment of diabetes. 

The ophthalmologist can help in the diag- 
nosis of this condition, but only by his ap- 
praisal of the eyegrounds, Practically speak- 
ing, this means that the presence of reti- 
nopathy in a diabetic can be of value in 
making the diagnosis of intercapillary glo- 
merulosclerosis, if not clinically, at least per- 
centagewise. 

Henderson, Sprague, and Wagener, in 
their report from the Mayo Clinic, found the 
incidence in diabetics to be 27.1 percent in 
women and 15.5 percent in men. On an aver- 
age, this means that one diabetic out of every 
five has intercapillary glomerulosclerosis. In 
connection with these figures, it is interesting 
to note that Wagener found the incidence of 
retinopathy in proven cases (by proven I 
mean necropsy cases) to be three times as 
great as in the cases of diabetics without in- 
tercapillary glomerulosclerosis. 

These percentages can be appreciated if 
diabetic retinopathy is broken down into four 
groups and the incidence of intercapillary 
glomerulosclerosis determined in each group. 
The groups are those seen in diabetes: 


1. Hemorrhages 
rysms ) 

2. Hemorrhages and punctate exudates 

3. Hemorrhages and punctate exudates 
and cottonwool exudates 

4. Venous disease with proliferating reti- 
nopathy 


(including microaneu- 


At autopsy, 36 percent of all the diabetics 
had retinopathy. The average age of the 
group was 60 years. By analyzing Wagner's 
Statistics on those with retinopathy the fol- 
lowing interesting figures have been ob- 
tained : 35 percent of all cases with retinopa- 
thy fell into Group I, and of this number 21 
percent had intercapillary glomerulosclerosis 
and 79 percent did not. Of the 27.5 percent of 
cases classified as Group II, 73 percent had 
intercapillary glomerulosclerosis and 27 per- 
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cent did not. There were 22.5 percent of the 
total cases with retinopathy in Group III, and 
of this number 88 percent had intercapil- 
lary glomerulosclerosis and 12 percent did 


not; five percent of all the cases had pro- 
liferative retinopathy and venous disease and 
all of these had intercapillary glomerulo- 
sclerosis. 

These figures are of practical importance 
percentagewise. If a diabetic has retinopathy, 
then approximately one out of five in Group 
I has intercapillary glomerulosclerosis ; three 
out of four in Group IL have intercapillary 
glomerulosclerosis ; nine out of 10 in Group 
IIL have intercapillary glomerulosclerosis ; 
and all those with venous disease and pro- 
liferative retinopathy are affected. 

Dr. Henry T. Ricketts (closing) : This isa 
very ingenious calculation Dr. Puntenney has 
done, and | have no doubt of its validity. One 
can go a little further and say that from the 
other point of view all patients who have 
proven intercapillary glomerulosclerosis have 
retinopathy. | think that is almost without 
exception; it is a very high incidence. 

One other point | should like to make. A 
curious thing has been noted recently, 
namely, that many patients with intercapil- 
lary glomerulosclerosis, as they go on in their 
diabetic careers, show marked amelioration of 
their diabetes. 

This has been brought out in two publica 
tions from Johns Hopkins Hospital, one ap- 
pearing in their Bulletin and the other in 
the New England Journal of Medicine. Some 
very startling things have been claimed by the 
authors, and | think some of them, at least, 
are true. 

In one patient with the Kimmelstiel-Wil- 
son syndrome who had had diabetes for 12 
years, requiring 50 units of insulin a day, 
they took away all insulin and he did not go 
into acidosis but went merrily on for a long 
period of time. 

They have reported a good many cases 
showing this marked diminution of insulin 
requirement in the presence of long-stand- 
ing Kimmelstiel-Wilson’s disease. L do not 
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know what it means, but it is something very 
interesting and worth following. 
Richard C. Gamble, 
Recording Secretary. 


NEW YORK SOCIETY 
FOR CLINICAL 
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March 3, 1952 
Dr. Posner, president 


DIFFERENTIAL DIAGNOSIS OF PERI-OCULAR 
SKIN DISEASES 
Dk. FREDERICK Reiss presented a paper on 


this subject during the instruction period. 


BILATERAL SURGERY: A PRELIMI- 


NARY REPORT 


SQUINT 


Dr. FRANK D. CosteNnBApeR said that he 
had operated on a series of 289 cases of 
comitant strabismus. An analysis of post- 
operative comitance and incomitance was 
made. “Incomitance” was arbitrarily defined 
as “a difference in ocular alignment of more 
than 10 prism diopters in the measurements 
in the two temporal horizontal fields of gaze.” 

Following unilateral surgery (159 cases), 
77 percent were immediately incomitant and 
64+ percent were finally incomitant. 

When was later fol 
lowed by similar surgery on the correspond 


unilateral surgery 
ing muscle of the other eye (39 cases), only 
23 percent were finally incomitant. 

When simultaneous bilateral symmetrical 
surgery was done (89 cases), 15 percent 
Were incomitant immediately, while only five 
percent were incomitant at the last measure- 
ment. 

Of the unilateral cases, when proportionate 
amounts of recession and resection were done 
(42 cases) as opposed to disproportionate 
amounts of such surgery (134 cases), about 
equal percentages of incomitance resulted (60 
percent as opposed to 54 percent) in each 
group. 

Assuming that the goal in the treatment 


of strabismus is (1) Straight eves, (2) 
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comitance, and (3) fusion, the association 
of straight eyes and fusion with comitance 
and incomitance was investigated. It was 
found that a somewhat higher percentage of 
associated with final 


comitant was 


straight eyes and fusion than was true for 


Cases 


the incomitant cases. 

It was concluded that bilateral simultane- 
ous symmetrical surgery for strabismus re- 
sults in a high percentage of postoperative 
comitance, and, therefore, in a greater per- 
centage of cures. 

Discussion. Dr. Aebli said that he agrees in 
general with the principles laid down by Dr. 
Costenbader ; that he likes to spread out the 
upper operations over several muscles, in- 
stead of doing one muscle in one eye, in order 
to get better conjugate gaze—right or left. He 
agreed that congenital defects give poor re- 
sults, compared to those that are acquired. 
Patients with the accommodative type of 
squint that develops at the age of 18 months 
or so, usually do well with a full correction, 
or bifocals, and many of them do not re- 
quire surgery. 

Dr. Gailey agreed thoroughly with the 
principles laid down by Dr. Costenbader. 

Dr. Brown agreed in general with the 
principles of spreading out the operation 
over several muscles. He stressed that, in the 
congenital paralyses, there is very little sec- 
ondary contracture in the field opposite to 
that of the paralyzed muscle ; hence, there is 
good binocular vision here. With surgery, 
one can shift the field of binocular vision but 
one cannot enlarge the field of binocular 
Vision, 

Dr. Smith agreed with Dr. Costenbader 
and mentioned the importance of these prin- 
ciples in obtaining binocular single vision. 
He asked Dr. Costenbader what he thought 
was the best age range for good muscle 
surgery. 

Dr. Meek said that he had used principles 
similar to those of Dr. Costenbader for a 
long time because the subsequent position of 
the globe was better; that is, the palpebral 
fissure remained more normal when the op- 
eration was divided between two muscles in 
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an eye rather than being done on one only. 

Dr. Kestenbaum said that Dr. Costenbad- 
er’s method anticipates the next step in the 
development of treatment for strabismus. At 
the present, we are still in the stage of search- 
ing for a method to guarantee parallel posi- 
tion of the eyes in the primary position. If 
this aim is achieved, the next step will be to 
achieve parallel position of the eyes in lateral 
gaze. Therefore, Dr. Costenbader’s concep- 
tion of symmetric surgery as a means to 
reach comitant eye movements looks to the 
future. 

Dr. Schlossman wanted to know if Dr. 
Costenbader differentiated between alternat- 
ing and monocular squints, as to his types of 
surgery. 

Dr. Costenbader replied to Dr. Schlossman 
that he did not differentiate between them. 
He thought that whether the squint was 
monocular or alternating was a matter of 
chance and should not influence the type of 
surgery. To Dr. Smith he replied that he likes 
to see the patient at least three times to 
make sure that the deficit is of a constant 
nature. He does not fix a definite age for 
operation but thinks that the earlier the sur- 
gery, the more conducive to binocular single 
vision. He was enthusiastic about Dr. Meek’s 
remarks about the better symmetrical appear- 
ance of the eyes with spreading out of the 
muscle surgery, especially in the same eye. 
Dr. Costenbader mentioned that in doing 
binocular surgery, he takes the bandages off 
in 24 hours, in order to make the patient 
happy. 


IMPRESSIONS FROM 45 YEARS OF CATARACT 
SURGERY 
Dr. Watson GatLey of Bloomington, 


Illinois, mentioned the great advantages ac- 
companying practice in a big city rather than 
ina so-called rural location. He described the 
flash and brilliance of some ophthalmic sur- 
geons but admired the careful calculating 
type. He spoke of Schoenberg stressing the 
importance of the emotions as an etiologic 
factor in glaucoma and paid tribute to Arnold 
Knapp, John Wheeler, and other New York 
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ophthalmologists of note and said that he 
envied men who enjoyed the benefits of as- 
sociating and conferring with them in a pro- 
fessional way. 

He questioned the sense of prolonged and 
expensive hunts for foci of infection. He 
stressed the importance of the relationship 
between patients and surgeons, advised 
against a professorish or “high hat” attitude, 
and felt that the patient should feel that his 
doctor is a real friend. 

During the preparation of the patient and 
following surgery, there should be no un- 
necessary talking in the operating room. In 
his opinion, operating in the sitting position 
was conducive to a much better technique. 

The speaker felt that the various treat- 
ments advised for epithelial invasion of the 
anterior chamber were useless and the hope 
for a cure lies in prevention. 

Preparation of the field of operation, in 
his opinion, was largely a pose and pro- 
longed flushing of the eye might possibly be 
a mistake. 

Retention of the zonular-capsular barrier 
adds to the integrity of the anterior segment. 
He felt that the hard-working patient would 
have a stronger, better eye if his mature cata- 
ract were removed by the combined extra- 
capsular method. 

Among other things Dr. Gailey discussed 
the great value of Hydase in the prevention 
of vitreous loss. Hydase produces a soft 
eye but a safe one. In his practice, he sel- 
dom saw a bead of vitreous and questioned 
whether vitreous ever exists in this small 
quantity. 

There are a great number of younger men 
who have been advanced into excellent sur- 
geons by being taught the keratome section 
with scissor enlargement. He spoke of the im- 
portance of rubber gloves and the fallacy 
in contending that they interfere with the 
operator’s sense of touch. 

Anesthesia should be perfect—local and 
not “vocal.” Akinesia must be flawless. If 
there is question as to whether canthotomy 
should be employed in a given case, resort to 
this procedure. After retrobulbar injection is 
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made, the section should not be attempted 
until free movement of the eye can be made 
in all directions with fixation forceps. 

Dr. Gailey felt that the round pupil was 
overrated, that the simple extraction was 
more hazardous because of the incidence of 
postoperative iris prolapse, and that the 
great majority of patients are very little con- 
cerned as to the shape of the pupil but are 
deeply concerned with an uncomplicated suc- 
cessful sight-producing operation. 

He feels that cataracts should be delivered 
slowly, principally by pressure, and that the 
erisophake or capsule forcep should be used 
simply as a guide. Above all, the surgeon's 
instruments must be good. 

Discussion. Dr. Meek stressed that he was 
told by Dr. Chandler that pressure was put 
on the eyeball for five minutes before operat- 
ing it, to soften it. He wanted to know how 
Dr. Gailey felt about it. 

Dr. Minsky was enthusiastic about Dr. 
Gailey’s stressing the extracapsular opera- 
tion, and urged that the younger men pay 
more attention to extracapsular operations. 

Dr. Payne mentioned some of the remark- 
able achievements of Dr. Gailey, especially 
his participation in some of the work of the 
past war. 

Dr. Rolett asked Dr. Gailey what per- 
centage of epithelial downgrowths he had 
encountered. 

Dr. Gailey said to Dr. Meek that he 
thought that Dr. Chandler’s method of pres- 
sure was very smart. As a matter of fact, 
before the days of Hydase, if the anterior 
chamber was lost immediately after section, 
he would allow the patient to close his eye, 
and then make slight pressure for about five 
minutes through a wet pad over the closed 
eye, and he believes that he avoided a good 
deal of vitreous loss by doing this. He be- 
lieves that the choroidal bed is thus allowed to 
re-adjust itself to the change in pressure 
made by the section. He quoted the late John 
Wheeler on the importance of making a 
simple procedure suffice, when necessary, in- 
stead of complicated procedures. 

Bernard Kronenberg, 
Recording Secretary. 
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THE NEED FOR REVISION OF UNDERGRADUATE TEACHING 


IN OPHTHALMOLOGY 


The great emphasis on the importance of has resulted, in some instances, in the ac- 


the general practitioner in the field of medi- 
cine by the American Medical Association in 
recent years has resulted in some interesting 
changes in the outlook of the general prac- 
titioner and the medical student toward spe- 
cialization. 

This new attitude toward general practice 
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quiring of a false sense of ability to care for 
some of the complicated conditions encoun- 
tered in ophthalmology. This self-assurance 
has been furthered by the development of the 
antibiotics, cortisone, and ACTH, and by the 
literature sent out by the manufacturers. 


This has resulted in the improper treat- 
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ment of some cases until the damage has 
progressed to the irreversible stage. An ex- 
ample of this is a case of bilateral congenital 
glaucoma treated by the instillation of corti- 
sone for five months before the parents of 
the patient finally insisted on an opinion by 
an ophthalmologist. Another instance was a 
case of iritis in which penicillin ointment was 
employed for three weeks with the resultant 
development of secondary glaucoma and a 
penicillin reaction. 

The trend to discredit specialization is also 
reflected in the change of attitude of medical 
students. In one school, the senior class is 
quite outspoken in its opinion that the school 
spends too much time on specialties and does 
not emphasize the medicine of general prac- 
tice. The students have a tendency to “cut” 
the specialities both in the classroom and the 
clinic unless they feel that the teaching is 
such that it is of importance to general prac- 
tice. 

This attitude is further reflected in the 
applications for internships. In one univer- 
sity hospital that has six-month services only 
two students applied for internships, the re- 
mainder of the class applying to hospitals 
where the internships are rotating. It was 
interesting that in discussing the matter with 
the present senior class it was found that 
over 45 per cent of the class was planning 
on going into general practice. This same 
tendency has been observed in a number of 
medical schools, 

Probably primarily as the result of the war 
and the increase of the average age of medi 
cal students of the past few years, the stu- 
dents are better organized and do not hesitate 
to express their opinion of an instructor or 
his course. In some instances, a class repre- 
sentative calls on the instructor with the 
class's criticism. A further evidence of this 
tendency is the recent attempt of a group of 
interns to go on strike with the hope of mak- 
ing it a national affair. They even solicited 
moral and financial support from interns all 
over the country. 


It is this new independence of thought, to 
gether with the frank, honest, constructive 
criticism that has been responsible for call- 
ing to our attention the need for a change 
in the undergraduate teaching in ophthal- 
mology. 

How does this modern trend affect the 
teaching program in undergraduaté ophthal- 
mology ? With the gradual decrease of hours 
of teaching allotted to the specialties, it is 
quite obviously impossible to make specialists 
out of the students. We do, however, have a 
grave responsibility in seeing to it that the 
student is taught the essentials that are re 
quired of him to meet the present sttuation. 

What, then, should the medical student be 
taught about ophthalmology? He should be 
taught to diagnose and care for properly the 
conditions that at present are considered to 
be within the province of the general prac 
titioner. He should have a thorough under 
standing of the differential diagnosis of the 
red eve and the danger of the improper use 
of mydriatics or miotics. He should have a 
general conception of glaucoma and _ its 
dangers. He should be told that the old tradi 
tion of the general practitioner of instilling 
atropine into every red eye is not only un- 
necessary but that at times it may be danger- 
ous. He should be familiar with the proper 
removal of a foreign body of the cornea and 
its after-care, together with the dangers of 
neglect. 

He should be taught the emergency treat 
ment of eye injuries with particular emphasis 
on the dangers of doing too much, together 
with the importance of the proper first aid 
in the preservation of the patient’s vision. 

The 


external 


treatment of some of the simple 


diseases such as the hordeolum 
chalazion, and blepharitis should be under 
stood. The proper use of and the dangers of 


should be 


stressed, and the student should be informed 


the antibiotics used topically 
that there are other therapeutic agents that 
have stood the test of time. 


The proper use of the ophthalmoscone and 
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the importance of the fundus lesions in the 
evaluation of general diseases bear emphasis. 
In the discussion of medical ophthalmology 
the ophthalmology of pediatrics should not be 
neglected. 

The student should also be told of the legal 
responsibility he assumes when he treats an 
eye. This 


items as the legal responsibility of X-ray ex- 


discussion should include such 
amination in cases of trauma of an eye where 
metal has struck metal. 

It would appear that there is no place in 
the 


surgery aside from a simple explanation of 


curriculum for teaching ophthalmic 
what is done in the surgery of congenital 
and senile cataracts, glaucoma, and muscle 
surgery. In discussing muscle anomalies, only 
the very basic conditions need be mentioned 
without going into the intricate details of 
these anomalies. In refraction, only the sim- 
ple definitions of the various types of re- 
fractive errors together with the symptoms 
they produce need be considered, entirely 
avoiding the confusion caused by the neces- 
sarily inadequate discussion of optics. 

It was most interesting in reviewing Ad- 
ler’s new edition of Gifford’s textbook re- 
cently to find that he has similar convictions 
and that he has omitted the details of surgery, 
muscle anomalies, and the more technical 
phases of ophthalmology and has placed 
greater emphasis on the broader scope of 
our specialty, 

It has been the changed medical student 
of today who has called to our attention the 
necessity for revision of the undergraduate 
teaching of ophthalmology. We have the 
grave responsibility of teaching the medical 
student the ophthalmology that is needed to 
meet the present-day requirements of the 
general practitioner. It is equally important 
that he also be taught his limitations. It is 
only by doing this that we can hope to reduce 
to a minimum the unnecessary loss of vision. 
That teachers of ophthalmology are aware 
of this is evidenced by the teachers’ section 
of the American Academy of Ophthalmology 


and Otolaryngology where the entire prob 
lem is receiving serious consideration. 
Frederick C. Cordes. 


WILLS EYE HOSPITAL 
FirtH ANNUAL CLINICAL CONFERENCE 


The fifth annual clinical conference of the 
staff and ex-residents of the Wills Eve Hos- 
pital, Philadelphia, was held at the hospital 
on March 20 and 21, 1953. Registration ap- 
proximated 350. 

The meeting was opened by Dr. Ivan J. 
Koenig with a clinicopathologic case report 
of a malignant melanoma of the iris in a 
one eved patient, observed for 20 years. 

Dr. Clyde H. Jacobs presented a movie 
showing several cataract extractions under 
intravenous pentothal-sodium anesthesia. 

The hospital's research staff, under the di- 
rection of Dr. Irving H. Leopold, made the 
following reports on five of their current 
pre jects 

Dr. Virginia L. Weimer, Dr. Harry Green, 
Dr. 
method for determining steroid concentra- 


and Irving H. Leopold described a 
tion in the intraocular fluids which has en 
able them to establish the presence of cer- 
tain steroids in these fluids of the experi 
mental animal eye. 

Dr. J. Eisenberg, Dr. Irving H. Leopold, 
and Dr. J. W. Hallett presented evidence 
showing that the radioactive isotope P°* could 
be helpful in the differential diagnosis of in 
traocular tumors. The ability of the normal 
eve to concentrate P*? was determined and 
the percent variation of over 50 normal eyes 
was used for this determination. More than 
40 eves suspected of having intraocular neo- 
test. 
sSus- 
pected area, positive readings were obtained 


plasms were then subjected to this 
Wherever the probe could reach the 


in histologically confirmed cases of intra- 
ocular neoplasms. Those neoplasms, which 
were in the extreme posterior segment of 


the globe where it was difficult for the probe 
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to reach, occasionally produced negative re- 
sults. All cases of serous detachment gave 
negative results. Five inflammatory condi- 
tions gave positive uptake values. The auth- 
ors tentatively concluded that this is a valu- 
able method to help in the differential diag- 
nosis. They offered it simply as an adjunct 
and not to be used to supplant any technique 
already available. 

Dr. William F. Kratka and Dr. Irving H. 
Leopold arrived at the following tentative 
conclusions from their studies with isonico- 
tinic acid hydrazides in experimental and 
clinical ocular tuberculosis : 

Isonicotinic hydrazides will control experi- 
mental and clinical ocular tuberculosis when 
therapy is maintained for a long period of 
time. In the experimental animal, improve- 
ment was not noted until after 50 days of 
therapy, when treatment was instituted nine 
days after inoculation into the anterior cham- 
ber or cornea. 

If therapy was stopped too soon, even 
though there was obvious clinical improve- 
ment, recurrences developed. The best results 
were obtained in those in whom therapy was 
continued for six months. Evidence of clini- 
cal quiescence of the lesion often belies the 
true picture, in that histologic preparations 
of the same eyes show definite activity which 
may account for the numerous recurrences 
with too short a period of therapy. 

Therapy of experimental lesions com- 
pared favorably with streptomycin, para- 
aminosalicylic acid. In some instances, supe- 
rior results were obtained with the combina- 
tion of the three drugs than with strepto- 
mycin and para-aminosalicylic acid alone. In 
some, isonicotinic acid was superior in the 
results in the experimental eye to that ob- 
tained by streptomycin and para-aminosali- 
cylic acid. 

Penetration studies were also done follow- 
ing the subconjunctival intramuscular topical 
administration of isonicotinic hydrazides. By 
all forms of administration, adequate pen- 
etration into the and 
fluids could be obtained. 


intraocular tissues 
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Dr. J. O'Rourke and Dr. Irving H. Leo- 
pold reported the inability of the enzymes, 
streptodornase and streptokinase, to lyse rab- 
bit blood, and further demonstrated the nec- 
essity of a human serum factor, namely, plas- 
minogen for the lysis of human and experi- 
mental animal blood by these enzymes. Their 
studies indicated a safe dosage of these en- 
zyme preparations for intradermal injection. 
It was shown that many of the toxic features 
of the commercially available enzyme, strep- 
tokinase, are due to the contained hyaluroni- 
dase. The action of these fibrolytic enzymes 
is greatly influenced by temperature changes, 
more so than by concentration. 

The length of time that the enzyme re- 
mains in the anterior chamber is of practi- 
cal importance. In trials against standard 
experimentally induced anterior-chamber 
hemorrhages, the combination of the injec- 
tion of the enzymes plus paracentesis and 
flushing of the anterior chamber gave the 
most satisfactory results. In low concentra- 
tions, these enzymes lose their anticoagulant 
properties. Apparently this property may be 
due to impurities. These enzymes were found 
to have the ability of provoking antibiotic re- 
sponse. 

Dr. Adolph W. Vogel and Dr. Irving H. 
Leopold described a method for producing 
experimental posterior-segment lesions. They 
demonstrated the production of localized in- 
flammatory and neoplastic lesions in the 
choroid with their technique. 

Dr. Warren S. Reese and Dr. Turgut 
Hamdi reported their experiences with the 
Ridley implant in cataract surgery. Dr. 
Reese has performed 14 of these operations 
at the hospital during the past year, with 
favorable results in 12 of them. 

Dr. P. Robb McDonald spoke on the in- 
dications for scleral resection in retinal sep- 
aration as a primary procedure rather than 
as a “last resort” procedure in cases which 


have a poor prognosis. 

Dr. Wilfred E. Fry, Dr. Max Kasser, and 
Dr. Samuel DeLong advocated excising a 
partial thickness of the sclera as a valuable 
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addition to the surgical treatment in retinal 
detachment. Their conclusions were based 
on experimental work on rabbits’ eyes. 

Dr. Robert E. Shoemaker discussed the 
ocular complications of erythema multiforme 
exudativum. He described an unusual case 
of an eight-year-old boy who presented 
symptoms of an eruptive fever, stomatitis, 
endophthalmitis with vision reduced to light 
perception, and arthritis with effusion. This, 
he considered a probable variant of erythema 
multiforme. With the use of systemic cor- 
tone all symptoms disappeared within a week 
with the exception of those of the eyes. Vi- 
sion eventually recovered to 20/30 three 
months following the onset. 

Dr. Raynold N. Berke accompanied his 
splendid movie on resection of the levator 
palpebre muscle for blepharoptosis with 
many practical and instructive comments. 

In general terms and based on more than 
800 cases over a three-year period, Dr. Ed- 
mund B. Spaeth gave the indications and 
basic principles for surgery of the vertically 
acting muscles in strabismus. 

The Arthur J. Bedell Lecture was given 
by Dr. Ellen F. Regan in the absence of Dr. 
John H. Dunnington. The paper was en- 
titled: “Absorbable sutures in cataract sur- 
gery,” and was of joint authorship by Dr. 
Dunnington and Dr. Regan. 

Their conclusions were based on experi- 
mental studies and clinical observations. 
They found that the initial response with 
catgut sutures was a polymorphonuclear re- 
action which with the plain type was rapid 
and marked, leading to an early disintegra- 
tion of the suture. When mildly chromicized 
material was used, this polymorphonuclear 
response was less pronounced and the suture 
remained intact for about seven days. Fibro- 
blastic proliferation became evident on about 
the fifth day, as did increased vasculariza- 
tion of the wound. 

During the second week, the healing pro- 
cess progressed and, at the end of 14 days, 
the wounds appeared well healed but some- 
what broader and more vascularized than 
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comparable ones closed with silk. The in- 
creased vascularization of these wounds is 
an undesirable feature but this is counter- 
balanced by the relative absence of tissue 
necrosis and of epithelial invasion that the 
authors have found in the presence of silk 
sutures. 

In view of these findings and their pres- 
ent clinical experience, the authors felt that 
mildly chromicized catgut is a satisfactory 
material for closing cataract incisions. 

An important “repeat” feature of the con- 
ference was the color television program 
presented by the members of the surgical 
staff of the hospital, through the courtesy of 
Smith, Kline, and French Laboratories. 
These surgeons are becoming expert T-V 
operators as well as commentators. 

Fourteen commercial exhibitors were also 
on hand with splendid displays. 

As in former years, the meeting was not 
without its social side. The first evening, 
there was an informal reception for the doc- 
tors and their wives at the Barclay Hotel, 
followed by a delicious dinner. The Wills 
Eye Hospital Society held its annual dinner 
at the Union League Club on Saturday eve- 
ning. 

Kenneth L. Roper. 
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EDWARD VAIL LAPHAM BROWN 
(1876-1953) 


Another major contributor to the credit 
side of modern American Ophthalmology is 
gone: Edward Vail Lapham Brown, or 
“E. V. L.” as most of his colleagues spoke of 
him, was called from this world, from his 
family, and from a still very active profes- 
sional life on March 1, 1953. 

As successful organizer of systematic, 
carefully graduated postgraduate education 
in ophthalmology, Dr. Brown was known 
personally to a good section of today’s prac- 
ticing ophthalmologists. To his many direct 
and indirect pupils the loss of their oph- 
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thalmologic father and counselor will be 
mitigated by the lastingness of the founda- 
tion he laid for them in terms of ophthalmo- 


logic concepts, practices, and professional 
honesty. For those who did not know him a 
brief description of the man and his work is 


Epwarp Vat Brown 
herewith attempted aiming at the conciseness 
and ACCUTACY characteristic of the deceased. 
Sorn in Morrison, Illinois, Edward Brown 
sought and received a very broad medical 
education in Chicago, taking up ophthalmol- 
ogy as a specialty soon after his graduation 
from Rush Medical College. At the Illinois 
Charitable Eye and Ear Infirmary—one of 
the institutions indebted to Brown for a 
permanent elevation of its scientific status 
he came under the influence of Ferdinand 
Carl Hotz, the German-born physician and 
pupil of Helmholtz who had 
brought the benefits of almost the broadest 


and Graefe 
possible scientific horizon into ophthalmol- 
ogy. To some extent it was Hotz’s influence 
that induced Brown, already a licensed physi- 
practicing ophthalmology, to take 
scientific collegiate work which 


cian 
further 


earned him the degree of bachelor of science 
from the University of Chicago in 1902. 

Early in his professional career he estab- 
lished personal contacts with several of the 
Kuropean schools. He was particularly at- 
tracted by the Viennese group, its master 
Ernst Fuchs and his associates, Salzmann, 
Meller and Lindner. It has been said that 
E. V. L. Brown’s ophthalmologic thinking 
was more European or Austrian than Amer- 
ican. To me, Dr. Brown was fundamentally 
a seeker of breadth in medical thinking, a 
synthetist of findings and views if they stood 
up under his ultrafair but nevertheless criti- 
cal analysis. 

The Viennese school undoubtedly im- 
pressed him deeply and, for a long time, 
held a central position in his ophthalmologic 
horizon. This manifested itself in Brown's 
early publications dealing with the patho- 
histology of uveitis, his translation of Salz- 
mann’s Histology of the Human Eye (The 
University of Chicago Press, 1912), and, 
some years later, of Fuchs’s Textbook of 
Ophthalmology. 
this century found him busily engaged in a 
the con- 


jut the second decade of 


typically American field of study 
cept of focal infection applied to ophthalmol- 
ogy. 

Setting a lasting example of mutually 
fruitful cooperation between ophthalmologist 
and internist, E. V. L. Brown and Ernest E. 
Irons made systematic clinical studies of the 
incidence of foci of infection in cases of 
uveitis, of the relationship between the activ- 
ity of these foci and the activity of the 
uveitis, and of the effect of eradication of 
these foci upon the course of the uveitis. 
Continued for over 15 years with the great- 
est possible objectivity and accuracy of ob- 
servation these studies became a classic in 
the field of uveitis, establishing a standard 
for all subsequent investigations into the 
etiology of uveitis. 

One other field of special interest to 
E. V. L. 


tistical methods to the refractive state of the 


srown was the application of sta- 


human eye and the variations of this state 
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during life. An ardent advocate of the most 
complete cycloplegic as a means of arriving 
at basic refractive measurements he had in 
his office and university records an inex- 
haustible source of reliable data concerning 
refractive changes in the same individual. 
These data were the basis of several impor- 
tant publications. 

In recognition of his devotion to oph- 
thalmology as an academic discipline and of 
his extraordinary ability as an administra- 
tor and teacher, Dr. Brown was offered more 
headships of departments and occupied such 
positions for longer than most academicians 
of his generation. 

From Rush he moved to Illinois in 1917 
and from there to Chicago in 1926. When 
the statutes of the University of Chicago 
forced him to retire from the headship of a 
department that he had built up “from 
scratch” and guided to national prominence 
during 16 years of tenure, his friends at the 
Presbyterian Hospital prevailed upon him 
to accept the chairmanship of their Depart- 
ment of Ophthalmology, thus extending by 
another five years Brown’s already very long 
academic life. Throughout his life Brown 
managed, by means of a very strict schedule, 
to divide his long working hours equally be- 
tween private practice and academic work. 

Dr. Brown's favorite ophthalmologic so- 
ciety was the American Ophthalmological 
Society of which he became a member in 
1908, president in 1940, and recipient of the 
highest award, The Howe Medal, in 1942. 
Aside from the directly ophthalmologic ap- 
proach to blindness he very generously lent 
his services to organizations for the preven 
tion of blindness or betterment of the status 
of the blind. For 33 years he was a devoted 
member of the Board of Directors of the 
Illinois Society for the Prevention of Blind- 
ness. In that capacity he worked tirelessly 
not only toward making all prevention pro- 
grams of the society more effective, but also 


raising the funds. In 


toward 
recognition of his work on behalf of the 
blind, The St. Louts Society for the Blind 


necessary 


awarded him the Leslie Dana Gold Medal in 
1951. 

During the latter years of his life, E. V. L. 
Brown added to his many self-imposed duties 
the betterment of the social, professional, and 
scientific status of the Negro medical stu- 
dent and the Negro physician. His appoint- 
ments to the chairmanship of the Chicago 
Committee on Human Relations and to the 
presidency of the Board of Trustees of 
Provident Hospital in Chicago were indica- 
tive of his feelings and aims in these matters. 

Again by adhering to a very strict sched- 
ule, he had time for his family and _ his 
friends. His principal recreations were read- 
ing of contemporary literature and travel, 
his favorite sport tennis. He is survived by 
his wife, the former Frieda Muench Kir- 
choff who, by her many social gifts and by 
the profound understanding of what he and 
ophthalmology meant to each other, contrib- 
uted immeasurably to his professional suc 
cess. Among the four living children is one 
ophthalmologist, David Lapham 

As the confirmed optimist that he de- 
scribed himself to be, he led a happy life, 


despite a number of illnesses, the tragic loss 
of one son, and the unavoidable reverses in- 
curred in the practice of ophthalmology and 
in human relationships. In absolute meas- 
ures, however, the happiness that life gave 
him could only have been a small fraction 
of the happiness he gave to thousands and 
thousands of others. 
Peter C. Kronfeld. 


INTERNATIONAL 

CONGRESS OF 
OPHTHALMOLOGY 

The XVII International Congress of Oph- 
thalmology will take place at the Waldorf- 
Astoria Hotel in New York City, September 
12 to 17, 1954. 

The American Express Company has been 
appointed official travel agent for the con- 


XVII 


gress and will offer assistance in obtaining 
travel accommodations. In order to provide 
the greatest possible assistance in obtaining 


868 BOOK REVIEWS 


hotel accommodations a special housing 
bureau has been established. Arrangements 
have also been made for low-cost accommo- 
dations in the residence halls of Columbia 
University. 

William L. Benedict, M.D. 

Secretary General 

100 First Avenue Building 

Rochester, Minnesota 
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INTRODUCTION TO PHysioLocic Optics. By 
Armin von Tschermak-Seysenegg. Trans- 
lated from the second German edition by 
Paul Boeder, Ph.D., Springfield, Illinois, 
Charles C Thomas, 1952. 305 pages, 151 
illustrations, author and subject indices. 
Price : $10.50. 

A deepening interest in visual physiology 
prompted the late Walter B. Lancaster to 
encourage and promote publications in this 
field. He wrote the foreword to Ogle’s Re- 
searches in Binocular Vision and likewise 
introduced Linksz’s inaugural volume on 
Physiology of the Eye. Finally he inspired 
the American’Committee on Optics and Vis- 
ual Physiology, of which he was chairman, to 
sponsor this present translation. Tschermak- 
Seysenegg deals with “physiologic optics” in 
a sense not currently used in English litera- 
ture. No discussion of theoretical or applied 
optics, with the usual subheads of dioptrics, 
catoptrics, ametropia, accommodation, and 
presbyopia, is to be found. The scope of the 
book is restricted to what is designated by 
Duke-Elder in his Texthook of Ophthalmol- 
ogy, Volume 1, Sections VII and VIII as 
the physiology and psychology of vision re- 
spectively. 

Burian’s sympathetic foreword stresses 
“that there is a subjective side to the func- 
tioning of the sense organs which can only 
be explored by subjective methods. . . . The 
most eminent representative of exact sub- 
jectivism—the man who has coined the term 


—is Armin von Tschermak-Seysenegg.”’ 

The author details the unavoidable optical 
aberrations of the eye and finds that the prin- 
cipal factor in the retouching of the visual 
impression is physiologic contrast—that is, 
spatial and temporal induction. Goethe's in- 
tuitive conception is thus finally vindicated. 
The corrective quality of the contrast func- 
tion has its limitations as exemplified in the 
illusion of irradiation. The limit of the light 
sense is determined by the contrast function 
and that of resolution by the dimensions of 
the retinal mosaic. The minimum visible and 
the minimum separable are hence separate 
entities. Night vision, color vision, and 
spatial vision are treated in a similar schol- 
arly and original manner. 

This is a work for the mature student. 
The budding ophthalmologist will find orig- 
inal English works in this field more as- 
similable, such as Linksz’s recent and ex+ 
cellent Vision. The emphasis on extreme 
fidelity in the translation has hampered 
Boeder’s usual grace and clarity, as was dis- 
played so brilliantly in his Mathematics of 
Ophthalmic Optics. The reader is all too 
conscious that, though the text is English, 
the thinking is Teutonic. 

James E. Lebensohn. 


ADVANCES IN OPHTHALMOLOGY. Edited by 
FE. B. Streiff (Lausanne). Basel, S. 
Karger, 1952, volume 1. 291 pages. Price: 
39.50 Swiss francs. 

Prior to 1943, the editors of the Zeitschrift 
fiir Augenheilkunde and of Ophthalmologica 
from time to time published reviews of oph- 
thalmic literature that were extremely useful. 
World War II put a stop to this, and it is 
good to see that once more these valuable 
reviews are to appear every three to five 
years, with the treatment of each special 
subject by a competent specialist. 

The present volume consists of a review 
from 1946 to 1950 of the treatment of con- 
comitant strabismus by T. Keith Lyle; the 
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history of ophthalmology by G. ten Does- 
schate ; methods of investigation by H. M. 
Dekking ; optic nerve and chiasm by A. Bie- 
mond (in German) ; lens (including a review 
of cataract surgery by C. Heydacker) by 
J. Nordmann (in French); glaucoma by 
H. Goldmann (in German) which has a most 
complete bibliography for these years. The 
first three authors write in English. 

It is learned that Volume 2 of this useful 
series is already in preparation and is to in- 
clude chapters on the structure of the 
vitreous, electrophysiology of the eye, patho- 
logic anatomy, the orbit, ocular injuries, and 
trachoma, each by well-known authorities. 

Even for those who do not read French or 
German, the book is well worth owning for 


reference. Derrick Vail. 


FORMULAS GRAFICAS PRACTICAS DEL VITA- 
OCcULISCoPIO OcuLisviTa. By Alice 
Larde de Venturino. Montevideo, Imp. 
Central, 1950. Paper covered, 28 pages, 17 
illustrations. Price: Not listed. 

In 1946, the author noticed that manipu- 
lation of spectacles before the eyes in various 
ways would permit her to use bright retlec- 
tions for investigation of entoptic images. 
Direct rays from the sun, nonfluorescent 
light bulbs, and reflections from polished 
surfaces were then manipulated with lenses, 
pocket mirrors, rings, bottles, wine-glass 
bases, and numerous other sources of reflec- 
tion to create magnified virtual images in 
space. She emphasizes the necessity of fixing 
the gaze on a minute brilliant spot (point- 
emission?) of light, and of securing magnifi- 
cation and focus by slight adjustments of 
the eye-reflector distance. (Although little 
physical explanation is given, she achieves a 
form of field-emission microscope within 


the eye, using light instead of electrons.) 
Much of the brochure is devoted to her 
subjective opinions of the images, an ad- 
mixture of fact and fantasy that extends 
beyond the bounds of credulity, with little 


basis in sound discipline. Her “identifica- 
tion” of elaborate patterns of microorgan- 
isms, nerve centers, “sex cells,” geometric 
and alphabetic patterns in human and animal 
eyes probably stems from the aberrated 
shadows of muscae volitantes, vitreous 
micellae, and so forth. The illustrations are 
extremely primitive. Repetition of her ob- 
servations is entertaining, and might be 
useful. 
C. Keith Barnes. 


TRANSACTIONS OF THE OPHTHAL MOLOGICAL 
Society oF AusTRALIA (British Medical 
Association), 1951, volume 11. Glebe 
(Seamer and Arundel Streets ). Australia- 
sian Publishing Company Limited. Price: 
$5.00. 

The presidential address delivered at Ho- 
bart congress by J. Bruce Hamilton briefly 
described some aspects of prevention of 
blindness in Australia and New Zealand. 

Ida Mann pointed out that endocrine gland 
disorders may affect the eyes by causing: (1) 
Pathologic metabolism, (2) biochemical 
nerve stimulation, (3) changes from altera- 
tion of facial expression, (4) direct mechani- 
cal interference, and (5) psychologic 
changes. A large number of conditions in- 
volving the eyes, orbits, and eyelids are 
classified anatomically, and the influence of 
appropriate endocrine glands is explained. 

Henrik Sjégren discussed the syndrome 
which he was the first to recognize. The 
earliest signs of keratoconjunctivitis sicca 
occur in the precorneal lacrimal film which 
becomes tougher and more viscous than nor- 
mal. Later Bengal rose causes large stains, 
whereas small spots of staining may occur 
in many conjunctival diseases. Schirmer’s 
test is a very unreliable test of lacrimal func- 
tion. The main parts of the sicca syndrome 
are: keratoconjunctivitis sicca, xerostomia, 
and polyarthritis. Many diverse symptoms 
have been included, probably wrongly. The 
sicca syndrome is often incomplete. Familial 
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cases have been reported. The etiology is 
unknown. Therapy to be effective would 
have to be started before irreversible atrophy 
occurs in the lacrimal glands. Estrogens may 
be useful. Local treatment consists of restor- 
ing the moisture of the conjunctival sac. 
Obliteration of the canaliculi usually gives 
subjective relief. 

A. Lister pointed out that the causes of 
congenital glaucoma are mechanical and arise 
in faults in the filtration angle. Descriptions 
and illustrations are used to differentiate 
normal from abnormal angles. There is al- 
ways some enlargement of the affected eyes 
at birth but acute symptoms may be delayed. 
Filtration is grossly impaired in severe cases, 
but mild cases may have filtration almost 
adequate for normal demands. Goniotomy is 
most suitable for mild and early cases before 
the eve has become too damaged. Diagnosis 
is confirmed by examination under deep 
ether anesthesia. The author's contact lens 
is shown. The steps in goniotomy are de- 
scribed and, although a contact lens is not 
essential, one is preferred. The problem of 
severe and abnormal cases remains unsolved. 
Here the chances from any operation are 
poor. Every patient should be observed at 
intervals of not more than six months for 
the rest of life. 

In a second essay Lister describes scleral 
resection in the treatment of retinal detach- 
ment. Diathermy fails in approximately 30 
percent of retinal detachments. These in 
clude especially detachments in aphakic eyes, 
the absence of visible tear, multiple tears, and 
atrophic retina. Useful alternative methods 
are scleral resection and chemical coagula- 
tion by potash solution. Full-thickness scleral 
resection in semicircumference stages is pre- 
ferred. With each resection potash solution 
was painted on the choroid but, in the ab- 
sence of retinal hole, this procedure is prob- 


ably not necessary. Single-armed interrupted 


sutures are inserted through the superficial 
scleral layers. For shallow detachments with 
fresh tears, a scleral trap door may be cut to 
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expose the choroid and potash solution in- 
jected between the sclera and chore vid to cover 
the tear. The technique is described in detail. 

Henrik Sj@gren reports a retinal dystro- 
phy occurring in five of a family of 13 chil- 
dren, called “dystrophia reticularis laminae 
pigmentosae retinae.”” Although the retinal 
pigment accumulates to form a peculiar net- 
work between the retinal vessels and around 
the maculas, the sensory layers of the retina 
are not disturbed and no subjective symptoms 
have occurred. 

Kevin O'Day believes that a retinal cyst is 
a manifestation of necrosis of the retina fol- 
lowing The 
causes may be: (1) The normally poor cir- 


circulatory embarrassment. 
culation in the retinal periphery, (2) trauma, 
leading to cysts and holes at the macula, (3) 
inflammation, and (4) vascular malforma 
tions and angiomatosis of the retina. Illustra 
tive examples are given. Sections from an 
eye with familial retinal detachments are in 
cluded. 

W. D. Counsell presents a very condensed 
summary of knowledge of disorders of the 
oblique muscles under the following head 
ings: Classification, diagnosis, surgical an 
atomy, possible operations, and indications 
for operation. 

Emmie Russell states that the cover test 
is most useful, whereas synoptophore read 
ings and other tests vary considerably on 
different days. Early 
duces the time of orthoptic treatment. The 


surgery greatly re- 


latter is concerned mainly with diagnosis 
and strengthening of fusion, 

Ivy Martyn found that 
severe symptoms from convergence insutfi- 
inferior 


patients with 


ciency have an overacting 


oblique muscle that only shows height dif- 


may 


ference as adductions develop. Symptoms are 
relieved and convergence ability is increased 
by measuring the height difference at 20 de- 
grees on the synoptophore and ordering a 
prism base-up before the hypophoric eye. 
R. Walkingshaw saw 4,246 patients at his 
out-patient clinic in Penang from July, 1950, 
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to June, 1951. Of these, 29 children had 
phlyctenular disease and 27 of them gave 
positive evidence of tuberculosis. The in- 
Vestigation supports the belief that phlycten- 
ular disease of the eyes is one of the para- 
tuberculous conditions. 

Hugh Ryan observed 23 cases of ret- 
rolental fibroplasia in Melbourne from 1948 
to 1950, All were in premature infants whose 
birth weight was under four pounds. There 
is a delay in coaptation of the layers of the 
retina in approximately 50 percent of pre- 
mature babies who weigh less than three and 
one-half pounds at birth, This usually sub- 
sides but sometimes the detachment persists 
and increases in size. The maldevelopments 
are thought to be due to excessive adminis- 
tration of oxygen. 

Ronald Lowe describes the differential 
diagnosis of facial twitching. Myokyma— 
fatigue twitching of the eyelids—and clonic 
facial spasm are considered in detail. Many 
of the antihistamine drugs have side reac- 
tions that include anti-acetylcholine proper- 
ties. These may be used to produce a mild 
curariform effect and so diminish twitching 
of the facial muscles. 

The sight-saving school at Hobart, Tas- 
mania, 1s described by F. Phillips. It has 24 
pupils, in six of whom the primary disability 
is nystagmus, four are highly myopic, two 
have ophthalmia neonatorum, and two are 
albinos. Controlled illumination, books with 
large print, and oral imstruction are em- 
phasized. The children often lack self-con- 
fidence and acting in plays is an important 
part of their education. 

kK. Barnden Brown points out that the 
presence of a small hole at the limbus per- 
cludes any negative pressure beneath the con- 
tact lens and so Sattler’s veil is eliminated. 
The veil is the result of chemical suffocation 


caused by pressure on the conjunctival ves- 


sels which brings about a deficiency of 
oxygen supplied to the cornea and the ac 
cumulation of dioxide. The lens 
must be fitted exactly. Thirty-four patients 
with various conditions have been fitted so 


carbon 


that all can wear their contact lenses without 
veiling throughout the whole of their waking 
life. 

Ronald Lowe. 
HerapacuHes. By Stewart Wolf, M.D., and 

Harold G. Wolff, M.D. Boston, Little, 

Brown and Company, 1953. 174 pages. 

Price : $2.50. 

Written essentially for the layman, this 
treatise on a common complaint of mankind 
cannot help but be of interest to the oph- 
thalmologist since headache is one of the 
most common symptoms to cause the patient 
to consult the ophthalmologist in the hope 
that glasses may cure his difficulty. Certainly 
refractive errors are by no means the most 
common cause of headaches; when the eyes 
have been eliminated as a factor in their pro- 
duction, the ophthalmologist should be able 
to advise his patient as to other possibilities. 
This book may be recommended to the lay- 
man who has been unable to receive relief 
from his distress. 

In addition to a discussion of the mechan- 
ism of headaches, there are chapters on vari- 
ous organic and psychosomatic causes, with 
special emphasis on the latter. This is cer- 
tainly justifiable since the majority of head- 
aches are undoubtedly on a “nervous” basis. 
There is a brief discussion of headaches on 
an ocular basis, the only obvious error being 
the description of strabismus as a cause when 
phorias and vergence deficiencies should have 
been substituted. Glaucoma and other eye 
diseases are referred to briefly and probably 
adequately for a book of this type. 

William A. Mann. 


ABSTRACT DEPARTMENT 


Epitep By Dr. F. Herspert HAESSLER 


Abstracts are classified under the divisions listed below. It must be remembered that any given paper 
may belong to several divisions of ophthalmology, although here it is mentioned only in one. Not all of 
the headings will necessarily be found in any one issue of the Journal. 


CLASSIFICATION 


. Anatomy, embryology, and comparative oph- 
thalmology 

. General pathology, bacteriology, immunology 

Vegetative physiology, biochemistry, pharma- 

cology, toxicology 

Physiologic optics, refraction, color vision 

. Diagnosis and therapy 

. Ocular motility 

. Conjunctiva, cornea, sclera 

Uvea, sympathetic disease, aqueous 

. Glaucoma and ocular tension 


wy 


1 
ANATOMY, EMBRYOLOGY, AND COM- 
PARATIVE OPHTHALMOLOGY 

Genis Galvez, Jose M. The presence of 
spiral nerve-endings in the orbicularis of 
the lids. Arch. Soc. oftal. hispano-am. 12: 
1327-1334, Nov., 1952. 

The author demonstrated the presence 
in the orbicularis of the lids of spiral 
nerve endings like those found by Daniel 
in the extraocular muscles. (7 figures) 


Ray K. Daily. 


Henderson, Thomson. The eye of the 
mole. Brit. J. Ophth. 36:637, Nov., 1952. 

(Entire article) The mole is commonly 
supposed not to possess any eyes. The 
persistence of this erroneous idea is not 
surprising, as the globe is 1 mm. in 
diameter and when the animal is skinned, 
the eyes adhere and come away with the 
pelt, leaving the sockets empty. After 
numerous attempts, a section has been ob- 
tained which goes through the pupil and 
optic nerve. The eye shows the features 
of arrested development in an embryonic 
stage. (1 figure) Morris Kaplan. 

Orts Llorea, F., and Genis Galvez, J. M. 
Comparative volumetric study of the 
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10. Crystalline lens 

11. Retina and vitreous 

12. Optic nerve and chiasm 

13. Neuro-ophthalmology 

14. Eyeball, orbit, sinuses 

15. Eyelids, lacrimal apparatus 

16. Tumors 

17. Injuries 

18. Systemic disease and parasites 
19. Congenital deformities, heredity 
20. Hygiene, sociology, education, and history 


retinal nuclei of a human cyclopic embryo 
22 mm. in size, and a normal embryo of 
similar size. Arch. Soc. oftal. hispano-am. 
12 :1202-1212, Oct., 1952. 

The literature on biometric studies of 
cells of different organs and tissues and 
tissue cultures is reviewed. In this study 
the volume of the nuclei of the retina, the 
hypophysis, and rhombencephalon of a 
cyclopic embryo were compared with 
those of normal embryos of the same 
stage of development. The graphic illus- 
tration of the data shows that the retinal 
nuclei of the cyclopic eye are 69 percent 
larger than those of the normal embryo, 
and are subject to much greater variation. 
The increased volume of the nuclei of the 
monstrosity suggests that monstrosities 
have a genetic origin. The volume of the 
cell and nucleus is a constant character- 
istic of a species. (1 figure, 23 references) 


Ray K. Daily. 


The orbital meninges. 
12 :1261- 


Urtubey, L. 
Arch. Soc. oftal. hispano-am. 
1266, Nov., 1952. 

In the hope of facilitating the under- 
standing of the physiology of some of the 
ocular functions and the pathology of 


some of the ocular disturbances, the 
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author traces the relationship between 
the ocular structures and the cerebro- 
spinal meninges, and tabulates the parts 
of the eyeball and the correspond- 
ing parts of the meninges. The portions 
of the retina closest to these protective 
coverings are not the ganglion layers, 
which contain the central neuron, but the 
sensory layers represented by the rods 
and cones. This arrangement is the re- 
sult of the invagination of the optic cup 
in the course of the development of the 
eyeball from the central nervous system. 
In the optic vesicle, the position of the 
ocular structures corresponds to that of 
the other neuroaxial In the 
mature eye the orbital periosteum cor- 
responds to the periosteal layer of the 
dura, the epidural space of the spine to 
the orbital cavity, the sclera to the dura, 
the corneal endothelium to the arachnoid 
membrane, the anterior chamber to the 
subarachnoid space, the aqueous humor 
to the cerebrospinal fluid, the ciliary 
processes to the choroid plexus, the pig- 
ment layer of the retina to the chorioepi- 
thelium, and the retina to the brain. (1 
table) Ray K. Daily. 


segments. 


3 
VEGETATIVE PHYSIOLOGY, BIOCHEM- 
ISTRY, PHARMACOLOGY, TOXICOLOGY 

Barnett, A. J. Ocular effects of meth- 
onium compounds. Brit. J]. Ophth. 36 :593- 
602, Nov., 1952. 

Pentamethonium and hexamethonium 
compounds have been used extensively 
in the treatment of arterial hypertension 
but little has been reported on the effects 
of these drugs on intra-ocular pressures. 
In this study seven patients with severe 
arterial hypertension were given intra- 
muscular injections of 2 mg. per kg. of 
body weight and tonometric readings 
were made before and after injection, The 
effects were about the same after each 
drug. The ocular tension was reduced by 
16 mm. Hg in one patient and 4.5 in an- 
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other and the average was 9.3 mm. Hg. 
This fall was apparent within 30 minutes 
and was still present at the last recording, 
in one patient 255 minutes after injection. 
The drug was given similarly to a pa- 
tient with chronic glaucoma with a re- 
duction in tension of about 20 mm. Hg. 
The mode of action of the drug has not 
yet been determined. The effect of con- 
tinued administration of the drug has 
been noted in six patients with severe 
hypertension and marked retinal changes. 
There was absorption of soft exudates 
and hemorrhage in all of the patients and 
lessening of the papilledema which was 
present in five of the patients. This im- 
provement in the retina is too striking 
to be the result of coincidence but the 
mode of action of the drug has not been 
ascertained. (4 figures, 3 tables, 9 refer- 
ences) Morris Kaplan. 
Belmonte Gonzalez, Nicolas. Relative 
retinal hypotension. Arch. Soc. oftal. his- 
pano-am. 12:1266-1272, Nov., 1952. 
3elmonte emphasizes the importance of 
determining the diastolic retinal pressure, 
and calls for a revision in our conception 
of the relationship between the retinal 
and brachial pressures. The accepted 
normal, a diastolic retinal pressure that 
is 50 percent of the brachial, is correct 
for young people, but represents a rela- 
tive hypotension for the aged and par- 
ticularly for aged hypertensives, in whom 
a diastolic retinal pressure that is 70 per- 
cent of the brachial pressure is required 
to maintain an adequate retinal circula- 
tion. He points out that in the course of 
preoperative examinations we frequently 
encounter hypertensives without symp- 
toms of circulatory disturbances, with 
normal urinary findings, and normal 
blood urea. The fundus in these patients 
may show a marked arteriovenous com- 
pression, and white spots of capillarosis 
in the macular or peripapillary region. In 
these patients the increased blood pres- 
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sure is not pathologic, but serves to com- 
pensate for the rigidity of the vessel 
walls; the adequacy of the peripheral cir- 
culation is thus maintained despite a vas- 
cular sclerosis. The indiscriminate reduc- 
tion of blood pressure in such cases is 
failure of the 
Ray K. Daily. 


unsafe and lead to 


peripheral circulation. 


may 


Gallego, Antonio. Electrophysiology of 
the retina. Arch. Soc. oftal. hispano-am. 
12:1150-1165, Oct., 1952. 

The fundamental responses underlying 
electrical the retina are 
explained. The electroretinogram is in- 
terpreted and the literature is reviewed. 
Ray K. Daily. 


stimulation of 


(9 figures) 


Gettes, B. C., and Leopold, 1. H. Eval- 
uation of five new cycloplegic drugs. 
A.M.A. Arch. Ophth. 49 :24-27, Jan., 1953. 

Five new cycloplegic drugs were tested 
on fair-skinned white persons and dark 
The effects of these 
drugs were compared on the basis of the 


skinned negroes. 
amount of residual accommodation, re- 
covery time, and action of standard drugs. 
Of the drugs tested, two were inadequate 
cycloplegics for routine use, banthine and 
1D)-2 methobromide. The remaining three 
had a more profound effect than 4-percent 
homatropine combined with 1-percent 
paredrine. These three compounds were 
related esters of disubstituted acetic acid 
92 G.T., 


(2 tables, 11 references) 


known as Compounds 75 G.T., 
and 93 G.T. 
George S. Tyner. 


Grom, C. Edward. The relation be- 
tween the retinal vascular pressure and 
the intraocular pressure. Arch. Soc. oftal. 
hispano-am. 12:1273-1290, Nov., 1952. 

The author analyses the physiologic 
and pathologic relationship between the 
arterial retinal and the intraocular pres- 
sures. He distinguishes four types of this 
relationship. 1. 
level. The intraocular pressure is 16 to 


toth at the physiologic 


42 mm. Hg: the diastolic retinal pressure 
is 50 percent of the brachial pressure ; the 
retinal systolic pressure is 70 percent of 
the brachial pressure. 2. The vascular 
retinal pressure is abnormally high in 
proportion to the intraocular pressure: 
the vascular tension may be normal and 
the ocular low or the vascular pressure 
may be high and the intraocular low; 
this state leads to vascular retinal lesions, 
The 


cular retinal pressure is abnormally low 


hyperemia or hemorrhage. 3. vas 
in comparison with the intraocular pres 
sure ; low vascular retinal and intraocular 
pressure may explain glaucoma without 
hypertension. The vascular retinal pres 
sure may be normal and the intraocular 
pressure high. The vascular retinal pres 
and the intraocular 


sure low 


pressure high; these are the most un 


may be 


favorable cases, with ready development 
of nutritive and circulatory disturbances 
in the retina and optic disc. 4. The retinal 
vascular and intraocular pressure propor 
tionate, but abnormally high or low. In 
the first event we find patients who toler 
ate well an increased intraocular pressure. 
The low 
shock. The author urges that the retinal 


pressures are encountered in 
vascular pressure of patients with glau 
coma be studied, in order to avoid intro 
ducing a disturbance in the relationship 
between the arterial retinal and the intra 
ocular pressure by medication or surgical 
procedures. (25 references) 


Ray K. Daily. 


Heinsius, E., and Hallmann, L. The 
topical application of modern antibiotics. 
Klin. Monatsbl. f. 122 :68-76, 


1953. 


This work deals with experiments and 


Augenh. 


clinical experiences with Tyrosolvin, a 
water soluble preparation of tyrocidin. 
After subconjunctival or intracorneal in 
jections of staphylococci or streptococci, 
Tyrosolvin cleared the eyes quickly. The 
results were equivocal after injection of 
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pneumococci. The in vitro experiments 
revealed a wide spectrum for this drug. 
Hypersensitivity to it has not been 
observed. (1 figure, 1 table, 22 references) 
Frederick C. Blodi. 


Kleinert, Heinz. The frequence of post- 
operative hemorrhage of the anterior 
chamber after cataract extraction after 
glutaminic acid. Wien. med. Wehnschr. 
103 :132-134, Feb., 1953. 

If minimal bleeding is included, the 
incidence of hemorrhage into the anterior 
chamber after cataract extraction was not 
influenced by 0.5 gm. glutaminic acid 
given prophylactically twice daily, but 
the 
enough to necessitate paracentesis was 


number of hemorrhages severe 
reduced to half. The effect could be as- 
eribed to inereased capillary resistance. 
The drug might also bring about a bene- 
ficial change in the metabolism of the 
aged cerebrum which enables the patient 
to cooperate more deftly and avoid action 
which brings about hemorrhage. 


F. H. Haessler. 


Thiel, Hl. L. Tyrosolvin, a new anti- 
biotic. Klin. Monatsbl. f. Augenh. 122 :76- 
7&, 1953. 

Tyrosolvin is a water soluble prepara- 
tion of tyrocidin. It was found to be of 
the 
chronic conjunctivitis, and corneal ulcers 


value in treatment of acute and 
and infiltrates. It was especially success- 
ful in clearing the conjunctival sac of 
pathogenic microorganisms preopera- 
tively, when other drugs had failed. (5 


Frederick C, Blodi. 


4 
PHYSIOLOGIC OPTICS, REFRACTION, 
COLOR VISION 


references ) 


Hirsch, Monroe J]. Sex differences in 
the incidence of various grades of myopia. 
\m. J. Optometry 30:135-138, March, 


1953. 


Of 5,201 patients aged 18 to 50 years, 


examined at the Los Angeles College of 
Optometry, 2,048 were myopic. Of those 
with less than 6.00 diopters (average of 
sphere and cylinder in both eyes), 1,082 
were men, 929 were women. Of those with 
more than 6.00 diopters, 11 were men and 
26 were women. Simple myopia is there- 
fore considered more common in men, 
and degenerative myopia more common 
in women. Paul W. Miles. 

Schulte, Dieter. Improved contact 
glasses with a hole in the corneal part. 
Klin. Monatsbl. f. Augenh. 121 :673-683, 
1952. 

Holes at the margin of the corneal part 
of a contact lens facilitate an exchange be- 
tween the fluid beneath the lens and the 
tears. In this way patients can wear these 
modified Zeiss lenses much better and 
longer. (1 figure, 15 references) 

Frederick C. Blodi. 


Stone, |... S. Normal and reversed vision 
in transplanted eyes. A.M.A. Arch. 
Ophth,. 49 :28-35, Jan., 1953. 

Experiments with amphibian eyes have 
that the 
regenerated from retinal pigment epithe- 


demonstrated neural retina is 
lium in this class of vertebrates. When 
the neural retina is separated from the 
underlying pigment epithelium and _re- 
moved surgically, regeneration of the 
neural elements takes place in three to 
four months. The retinal pigment layer 
itself can be detached and implanted into 
the aqueous chamber of a host animal 
and give rise to neural retina and visual 
function. The eves of a number of species 
of salamander can be transferred to a 
host of an entirely different species and 
become functional visual organs. Trans- 
plantation studies have shown that retinal 
fields are re-established as they were 
originally, and function according to their 
orientation. Thus in a transplanted eve 
rotated 180 degrees from its normal posi- 


tion, or a right eye transferred to a left 
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orbit, the retinal quadrants retain their 
original spatial orientation. (3 figures, 11 
references) George S. Tyner. 


Tait, Edwin F. A quantitative system 
of dynamic skiametry. Am. J. Optometry 
30 :113-129, March, 1953. 

This is a review of 25 years’ work by 
Dr. Tait and others on a refractive pro- 
cedure which is not in common use by 
ophthalmologists. He concludes that ob- 
jective refraction of any accuracy is 
limited to the results obtained by the 
ophthalmometer and the skiascope. Any 
subjective test is altered by habit and 
psychic factors influencing the patient’s 
judgment. There is an accommodative lag 
in near vision which varies with the 
method of measurement, but can supply 
valuable diagnostic information about the 
accommodation-convergence reflex. 


Paul W. Miles. 


5 
DIAGNOSIS AND THERAPY 


Agarwal, L. P., and Mathur, S. P. 
Curare in ocular surgery. Brit. J. Ophth. 
36 :603-610, Nov., 1952. 

Curare is particularly useful in ocular 
surgery in that the ocular muscles are 
among the first to be affected and the 
last to recover. The muscular spasm re- 
sulting from fear, apprehension or pain 
can be easily controlled. Vitreous loss in 
cataract surgery has been unquestionably 
reduced. The drug is especially indicated 
in nervous, apprehensive, or deaf patients 
and those who have senile dementia and 
it is contra-indicated in those with myas- 
thenia gravis, renal disease, asthma or 
recent respiratory disease. About % unit 
per pound of body weight is given intra- 
venously at the rate of 20 units per min- 
ute and is administered with the usual 
preoperative medication and topical anes- 
thesia. The drug is excreted in 25 to 30 
minutes and the patient can then walk 


back to bed unassisted. In this study, 25 
patients, from 40 to 66 years of age, were 
given d-tubo-curarine successfully for 
cataract surgery and with no untoward 
effects. (3 tables, 8 references) 

Morris Kaplan. 


Arruga, Alfredo. A device for the dem- 
onstration of the deviation in motor ocular 
disturbances, Arch. Soc. oftal. hispano-am. 
12 :1344-1349, Nov., 1952. 

After a discussion of the merits and 
disadvantages of the Hess and Lancaster 
devices for measuring the deviation in 
cases of ocular paralysis, Arruga de- 
scribes a screen which he devised for the 
same purpose. It is similar to the Hess 
screen and has 25 perforations illumi- 
nated from behind. The patient is asked to 
cover these with a green light projected 
from a hand light. (4 figures, 4 references) 


Ray K. Daily. 


Bietti, G. B. The role of plastic material 
in ocular surgery. Kassegna internat. di 
clinica e terapia 33:41-48, 1953. 

Acrylic and polyethylene are discussed. 
These plastics have been found useful as 
implants after enucleation, for filling 
skeletal defects in the orbit, for recanali- 
zation of the lacrimal duct, as artificial 
cornea or lens and as drainage in cyclo- 
dialysis or after an operation for retinal 
detachment. Frederick C. Blodi. 


Bounds, George W., Jr. The electro- 
retinogram. A.M.A. Arch. Ophth. 49 :63- 
89, Jan., 1953. 

This is an extensive review of the past 
and present literature on the subject in- 
cluding an historical note, the physiologic 
basis of the electroretinogram, and a de- 
scription of the apparatus and its use. 
The normal and the abnormal retino- 
grams in various ocular diseases are de- 
scribed. (10 figures, 2 tables, 89 refer- 
ences) George S. Tyner. 


Condon, H. A. General anesthesia in 
ophthalmic surgery. Brit. J. Ophth. 36: 
611-614, Nov., 1952. 

Condon has preferred the routine use 
of general anesthesia and has had no 
cause to return to local anesthesia. In 
this report the last 200 cases are very 
briefly described ; all of the usual surgical 
procedures are represented and patients 
were from 9 weeks to 90 years of age. For 
the brief procedures, ethyl choloride or 
nitrous oxide are given and for the longer 
ones thiopentone with nitrous oxide and 
oxygen; intubation is always used. Sur- 
gical complications have been consider- 
ably fewer and general anesthesia has 
been entirely satisfactory. The use of 
curare seems quite unjustified. (1 figure, 
2 tables, 14 references) Morris Kaplan. 


Goldsmith, H. Modified Castroviejo’s 
forceps. Brit. J. Ophth. 36 :654-655, Nov., 
1952. 

The Castroviejo cross-action cataract 
forceps is modified by making the lower 
half heavier than the upper and by add- 
ing serrations along the lower third. (1 
figure) Morris Kaplan. 

Harms, H. The practical importance of 
quantitative perimetry. Klin. Monatsbl. 
f. Augenh. 121 :683-692, 1952. 

The author emphasizes the advantages 
of quantitative perimetry which measures 
the light sense. In this method the size 
of the target remains unchanged while its 
illumination is decreased. The author's 
targets are observed under a visual angle 
of ten minutes in contrast to Sloane, who 
first advised this form of perimetry. 
Models of this perimetric island were 
constructed. Relative central scotoma 
may be found more easily with this 
method. (9 figures, 8 references) 

Frederick C. Blodi. 


Munoz, Luis. A’ serious secondary 
hemorrhage following extirpation of a 
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chalazion. Arch. Soc. oftal. hispano-am. 
12:1317-1320, Nov., 1952. 

A man, 18 years old, with healed tuber- 
culosis and juvenile diabetes under con- 
trol, was operated on for chalazion. One 
suture was used and it was removed six 
days after the operation. Two days later 
hemorrhage occurred due probably to the 
sloughing of a small necrotic area, The 
hemorrhage could not be controlled by a 
compressive bandage, and local and gen- 
eral hemostatics, including a transfusion. 
It was finally checked by a U suture, 
which tied the bleeding palpebral arteri- 
ole. This case points to the necessity of 
continuous vigilance after surgery on a 
diabetic, even when well controlled, be- 
cause even a mild emotional disturbance 
may upset the sugar metabolism. It also 
shows the superiority of a suture over 
other methods of hemostasis. (8 refer- 
ences) Ray K. Daily. 

Posada Ponseca, Alejandro. Transil- 
luminator with perforating diathermy, for 
surgery of retinal detachment. Arch. Soc. 
oftal. hispano-am. 12:1197-1201, Oct., 
1952. 

The author transillumi- 
nator, the handle of which also contains a 
perforating diathermy electrode. The 
point of the perforating needle comes 
out of the tip of the transilluminator 
when a control button is pressed at the 
other end of the handle, and recedes back 
into the interior of the transilluminator 
when the pressure on the control button 
is released. The advantage claimed for 
the instrument is the possibility of mak- 
ing the electrocoagulating punctures 
under direct observation with the ophthal- 
moscope, and thus limiting the number of 
punctures, which is of decided advantages 
in and about the macula, (3 


Ray K. Daily. 


describes a 


in holes 
figures) 


Remler, O. A combined intravenous 
anesthesia in ophthalmology. Klin. 
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Monatsbl. f. Augenh. 122 :63-67, 1953. 

A combination of demerol and pento- 
thal 
variety of ocular operations. (7 refer- 
Frederick C. Blodi. 


has been successfully used in a 


ences) 


Rieger, I1. The evaluation of the tests 
for toxoplasmosis in ophthalmology. Klin. 
Monatsbl. f. Augenh, 122:11-25, 1953. 

This is a survey and a critical evalua- 
tion of the skin test, the dy e test, and the 
complement fixation test. The author fol- 
lows Sabin very closely without offering 
anything new. He emphasizes the falla- 
cies of a single serological test which has 
led him to erroneous clinical diagnoses 
in the past years. (43 references) 

Frederick C. Blodi. 


Schober, Herbert. Heterophoria and 
irradiation test with the projecto-chart. 
Klin. Monatsbl. f. Augenh, 121:717-718, 
1952. 

Heterophoria can be tested by the use 
of a chart which has a green cross in a 
red circle. The patient must wear a red 
glass before one eve and a green glass 
before the other. Irradiation sensitivity 
the hook of 
Pilueger. (1 reference) 

Frederick C. Blodi. 


can be tested with white 


6 
OCULAR MOTILITY 


Adelung, J. C. Results of graduated 
advancement and recession according to 
Kunz. Klin. Monatsbl. f. Augenh. 121 :700- 
707, 1952. 

Kunz advised the symmetrical advance 
ment and recession operation. The author 
had better results with this graduated 
method than with a simple tenotomy or 
advancement. (1 table, 18 references) 

Frederick C. Blodi. 


Spaeth, Edmund B. Surgical aspects of 
defective abduction. \.M.A. Arch. Ophth. 
49 49-62, Jan., 1953. 


Four causes of defective abduction of 
the globe are described and surgical treat- 
Duane’s retraction 


ment discussed. In 


syndrome, tendon transplantation is 
futile. Surgical treatment should consist 
of recession of the medial rectus and ex- 
ploration of the external rectus with re 
lease of fascial bands. In strabismus tixus, 
the fibrosed internal rectus is recessed or 
tenotomized. In congenital sixth nerve 
paralysis, recession of the internal rectus 
muscle combined with resection of the 
external rectus or tendon transplantation 
is indicated. In acquired sixth nerve 
paralysis surgery should be postponed for 
12 months. The procedure of 
The 


author stresses the need for careful pre 


at least 
choice is tendon transplantation. 
operative evaluation and avoiding over 
optimism with regard to expected results. 
(15 figures, 6 references) 

George S. Tyner. 


7 

CONJUNCTIVA, CORNEA, SCLERA 

Barraquer Cerero, Tomas. Blepharo- 
conjunctival allergy. Arch. Soc. oftal. 
hispano-am. 12 :1321-1326, Nov., 1952. 

The objective of this presentation is to 
describe a clinical experience and to re 
vise our conception of the conjunctival 
flora and of conjunctival reactions. The 
author has encountered many cases of 
low-grade chronic conjunctivitis resistant 
to all forms of therapy, and particularly 
intolerant of therapy with zine solutions. 
At times 
under some form of therapy, only to re 


such inflammation improved 


cur after a short time. Bacteriologic 
studies of the conjunctiva and nasal pas- 
sages revealed the following germs in 
the following order of frequency : the 
the the 


pseudodiphtheria bacillus, and the pneu- 


staphylococcus, streptococcus, 
mococecus, Satisfactory results were ob 
tained in these patients only after auto 
vaccine therapy was added to treatment 
with antibiotics. The author believes that 
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the affection may be caused by sensitiza- 
tion to staphylococci in a distant focus, 
such as the sinuses, the seminal vesicles, 
or a focus in the lungs. He feels that, 
except by Thygeson, the importance of 
the staphylococcus as a pathogenic con- 
junctival organism is not sufficiently ap- 
preciated. Ray K. Daily. 
Beckett, Hl. C. Bilateral congenital an- 
terior staphyloma treated by keratoplasty. 
M. J. Australia 1:372-373, March, 1953. 
A child, age six years, with bilateral 
congenital anterior staphyloma developed 
glaucoma and both corneas became per- 
forated. Cyclodialysis and 10-millimetre 
penetrating keratoplasty were performed 
bilateral enucleation 


lenses 


and 
was avoided. Both 
and shrunken. The child can recognize 
colors and distinguish moving vehicles at 
a distance of 30 feet. Ronald Lowe. 


on each eve 


were opaque 


Bickel, H., Smallwood, W. C., Smellie, 
J. M., Barr, H. S., and Hickman, E. M. 
Cystine storage disease with aminoaci- 
duria and dwarfism (Lignac-Fanconi dis- 
ease). Acta Paediatrica 42, Suppl. 90, pp. 
1-237, 1952. 

Lignac-Fanconi 
thesaurismosis, probably of simple Men- 


disease is a genetic 


delian recessive character. Cystine stor- 
age can be demonstrated in vivo by slit- 
lamp study of the cornea and conjunctiva. 
The ophthalmologist will find this mono- 
graph an excellent repository of the in- 
formation he will need when he recog- 
nizes the corneal change. 
F. H. Haessler. 

Fernandez-Repeto, Santiago. Double 
pterygia. Arch. Soc. oftal. hispano-am. 
12 :1310-1316, Nov., 1952. 

This review of the literature on the sub- 
ject was made when the author's interest 
was aroused by a case found in the course 


of an examination for an industrial injury. 
(1 figure) 


Ray K. Daily. 


Friede, Reinhard. Penetrating kerato- 
plasty with a Descemet-margin. Klin. 
Monatsbl. f. Augenh. 121 :692-696, 1952. 

The author advises to trephine only 
down to Descemet’s membrane. The latter 
is then perforated and the central piece is 
excised. In this way a marginal shelf of 
membrane remains onto which the graft 
is placed. This gives a better protection 
against the aqueous at the border. (2 
figures ) Frederick C. Blodi. 

Gezurian, Z. L.. The infectious agent in 
Sjégren’s syndrome. Arch. oftal. Buenos 
Aires 27 :205-267, June, 1952. 

In a previous paper the author had dis- 
cussed Sjogren’s syndrome as an affec- 
tion of the serous glandular system. Now 
he discusses the 
that syndrome, and concludes that the 


infectious element in 
latter is only secondary to the serous 
glandular dysfunctions. J. I. Pascal. 

Jakober, Otto. The treatment of con- 
junctivitis and trachoma in eastern Iran. 
Klin. Monatsbl. f. Augenh. 122 :90-93, 
1953. 

The author uses Supronal with great 
success. For the treatment of trachoma he 
advises electrocoagulation. (3 figures) 
Frederick C. Blodi. 


Nonnenmacher, Heinz. The treatment 
of progressive sclero-perikeratitis. Klin. 
Monatsbl. f. Augenh. 121:707-712, 1952. 

This case of brawny scleritis responded 
well and rapidly to irradiation. The 
lacrimal gland was also affected. There 
was no sign of tuberculous infection when 
the tissues were examined at autopsy. (19 
references) Frederick C, Blodi. 

Rio Cabanas, Jose L. The present 
status of pterygium surgery. Arch. Soc. 
oftal. 12 :1298-1309, Nov., 


1952. 


hispano-am. 


The voluminous literature on the sub- 
ject is reviewed. In the author’s own ex 
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perience with the invading and progres- 
sive type of pterygium the best results 
were obtained by placing a conjunctival 
flap over the site of the pterygium, after 
the latter had been excised. The results 
were the same, whether the conjunctival 
flap was obtained by traction, torsion, or 
was free. The author is experimenting 
with conjunctival flaps from cadavers. 
Ray K. Daily. 


Rosenthal, J. William. Beta-radiation 
therapy of pterygium. A.M.A. Arch. 
Ophth, 49 :17-23, Jan., 1953. 

This is a report of the treatment of 
pterygium in 85 eyes; 42 were treated 
surgically and 43 with beta irradiation. 
The Swanberg 10-mc. applicator was used 
in all the beta-treated eyes. In the cases 
treated surgically the McReynolds tech- 
nique was employed in 33 cases, the 
Blaskovics in 9, and the Hobby in 1. Sur- 
gical treatment failed in 15 percent and 
beta-radiation in 19 percent. The approxi- 
mate total optimum dose of irradiation 
was 5 mce.-hr. for heavy ptergia and 2.5 
mce.-hr. for flatter membranous types. The 
treatment of choice for pterygium is the 
McReynolds transplantation followed 
within one week by application of the 
radium D applicator. (2 figures, 1 refer- 
ence) George S. Tyner. 


Ruedemann, Albert D., Jr. Osteogene- 
sis imperfecta congenita and blue sclero- 
tics. A.M.A. Arch. Ophth, 49:6-16, Jan., 
1953. 

The pathologic changes in the eyes of 
three patients with osteogenesis imper- 
fecta are reported. This disease is char- 
acterized by boney fragility, blue sclera, 
otosclerosis with deafness, relaxation of 
ligaments and skeletal muscles, dental 
and other defects. Examination of sections 
of these eyes disclosed the following de- 
fects: a general deficiency of collagen giv- 
ing rise to scleral thinning (hence the 
“blue” color), juvenile glacoma in one 


case, enlargement of the globes in another 
case, and retention of immature precol- 
lagenous reticulum fibers. (6 figures, 23 
references) George S. Tyner 

Velhagen, Karl, Jr. Argyrosis of the 
cornea. Klin. Monatsbl. f. Augenh. 122: 
36-42, 1953. 

The author reports a case of bilateral 
argyrosis of the cornea and the con- 
junctiva after prolonged use of a dye for 
the lashes. This dye was an aqueous solu- 
tion of a silver salt. (1 figure, 50 refer- 


ences) Frederick C, Blodi. 
8 
UVEA, SYMPATHETIC DISEASE, 
AQUEOUS 


Busacca, A., Nobrega, P., and Giovan- 
noni, M. Clinical and experimental inves- 
tigations on toxoplasmosis with ocular 
localization. Arch. d’opht. 12:681-691, 
1952. 

In serological studies in which they 
used toxoplasmosis antigen and the com- 
plement-fixation test, Busacca and associ- 
ates found that 28.5 percent of adult 
patients with active chorioretinitis were 
positive in contrast to 3 percent of normal 
subjects. On the basis of statistical anal- 
ysis they concluded that a certain num- 
ber of adult chorioretinitis cases must be 
of toxoplasmic origin, but they concluded 
further that in any individual case the 
diagnosis could be presumptive only since 
there are no specific clinical signs. In 
experimental studies they found that 
aqueous derived from three cases of active 
chorioretinitis with high serological titers 
failed to infect mice. As a result of experi- 
mental infection of adult pigeons with a 
strain of toxoplasmosis, one bird, at the 
end of the second month, developed ocu- 
lar lesions which were limited to the pos- 
and closely resembled 


terior segment 
human toxoplasmic chorioretinitis, Para- 
sites in the form of pseudocysts were 
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numerous. The authors believe that the 
pigeon offers promising possibilities for 
the study of experimental ocular toxo- 
plasmic lesions. (10 figures) 

P. Thygeson. 


Chin, Lein-Chung, and Kung, Yu-Peh. 
Choroiditis proliferans. Chinese M. J. 70: 
162-166, March-April, 1952. 

A case of choroiditis proliferans is de- 
scribed in a Chinese with tra- 
choma, hypertensive and 
simple optic atrophy. (2 figures, & refer- 
Irwin E. Gaynon. 


woman 
retinopathy, 


ences) 


Huerkamp, B. Two types of essential 
atrophy of the iris. Klin. Monatsbl. f. 
Augenh. 121 7654-662, 1952. 

On the basis of three personal observa- 
tions and of the cases reported in the lit 
erature, the author divides essential iris 
atrophy into two distinct groups. The 
first type occurs frequently in women in 
the third decade of life. Usually only one 
eye is affected and the atrophy begins in 
the periphery leading to a hole in the iris 
and to a change in the contour of the 
pupil. Glaucoma occurs early. The second 
type affects both eyes and occurs more 
frequently in men during the fifth decade. 
It progresses as an enlargement of the 
pupil. Myopia and choroidoretinal atro- 
to visual impairment. 
cause 


phies lead early 


Vascular disturbances probably 


both types of iris atrophy. (1 table, 3 


figures, 54 references) 
Frederick C. Blodi. 


Pietruschka, Georg. Changes of the iris 
in neurofibromatosis. Klin. Monatsbl. f. 
Augenh. 121 :663-672, 1952. 

Small neurofibromas have frequently 
been observed in the iris of patients with 
neurofibromatosis. Among 31 patients 
with known neurofibromatosis, the typical 
small neurofibromas of the iris could be 
found in 26 patients. These little tumors 


are round or oval, well circumscribed and 


prominent. No pathologic verifications are 
presented. (5 figures, 16 references) 
Frederick C. Blodi. 


Pillat, A. The clinical picture of an in- 
flammation of the vortex veins. Klin. 
Monatsbl. f. Augenh. 122:1-11, 1953. 

This is the first clinical description of 
a case of periphlebitis of the vortex 
veins. The ophthalmoscopic examination 
showed radial, elongated, pigmented le- 
sions at the equator in the characteristic 
meridians. These lesions were first seen 
in a 24-year-old woman and could be ob- 
served for 15 years. The cause was a 
tuberculous cyclitis. (1 figure, 4 refer- 
ences) Frederick C. Blodi. 

Schum, R. The formation of a pupil in 
an occlusion membrane of an aphakic eye. 
Klin. Monatsbl. f. Augenh. 121 :696-700, 
1952. 

The author had good results when mak- 
ing a central corneal with a 
knife. Through this incision the iris is 
grasped, pulled out and excised. (3 fig- 
ures) Frederick C. Blodi. 


incision 


Thomson, A. M. Wright. Infantile 
choroido-retinal degeneration with cere- 
bral symptoms, Brit. J. Ophth. 36 :649-652, 
Nov., 1952. 

Most choroidoretinal degeneration in 
children is due to toxoplasmosis the 
presence of which is shown by serologic 
tests for the parasite as well as the pres- 
ence of cerebral calcification as shown in 
X-ray studies of the skull. A patient is 
described in whom the fundus lesions 
closely resembled those of toxoplasmosis 
with accompanying progressive cerebral 
degeneration. Serologic tests and X-ray 
studies of the skull were negative in the 
mother and the child although evidence 
of internal hydrocephalus was seen, The 
cause of the condition could not be deter- 
mined. (1 figure, 2 references) 

Morris Kaplan. 
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9 
GLAUCOMA AND OCULAR TENSION 


Barkan, Otto. Goniotomy for glaucoma 
associated with aniridia. A.M.A. Arch. 
Ophth. 49:1-5, Jan., 1953. 

The author reports the first successful 
goniotomy in a case of glaucoma due to 
congenital aniridia. He explains the mech- 
anism of glaucoma in aniridia as a result 
of obstruction of the anterior chamber 
angle from adhesions between the rudi- 
mentary iris tissue and Schwalbe’s line. 
Residual embryonic tissue in the angle 
pulls the rudimentary iris toward Schwal- 
be’s line, thus sealing off the angle. (2 
figures, 9 references) George S. Tyner. 


tietti, G. B. Plastic drainage in cyclo- 
dialysis. Ateneo parmense 23: pp. 8, 
1952. 

The success of a cyclodialysis depends 
on the open cleft which drains aqueous 
into the suprachoroidal space. A perma- 
nent drainage can be assured by the intro- 
duction of a foreign body that will keep 
the cleft open. The author tried a poly- 
ethylene tube as a drain after cyclodialy- 
sis in rabbits. The plastic material was 
well tolerated. This method of operation 
was then performed on four human eyes 
with encouraging results. 

Frederick C, Blodi. 


Bietti, G. B. Goniotomy in hydroph- 
thalmos, |.’ \teneo parmense 23: pp. &, 
1952. 

The author discusses various goniolytic 
operations, especially goniotomy. Out of 
15 eyes, 11 were permanently stabilized 
as far as pressure was concerned. These 
operations are harmless and should be 
tried as a first procedure in hydrophthal- 
mos. Frederick C. Blodi. 

Kleinert, Heinz. Tension and rigidity 
of the eye. Klin. Monatsbl. f. Augenh. 
122 :51-63, 1953. 


This is a review on Friedenwald’s work 
on scleral rigidity and the rigidity coeff- 
cient. The author determined the diurnal 
curves of the rigidity coefficient and of 
the true intraocular pressure (calculated 
according to Friedenwald). In all cases 
he found an increase in the rigidity coefh- 
cient when the pressure rose and vice 
versa. Such a relationship was not pres- 
ent when the increased pressure was arti- 
ficially induced. The changes in the rigid- 
ity are therefore not the sequelae of the 
increased intraocular pressure. They may 
be caused by an edema of the sclera. A 
similar process may involve the mesh- 
work of the angle and embarrass the out- 
flow of the aqueous. (2 figures, 23 refer- 
ences) Frederick C. Blodi. 

Loesche, W. Improvement of cyclodi- 
alysis. Klin. Monatsbl. f. Augenh. 121 :715- 
716, 1952. 

The author advises an 
through a hollow spatula or the implan- 
tation of a plastic tube to guarantee in- 
Frederick C. Blodi. 


iridectomy 


ternal fistulation. 


Nisbet, Alfred A. Glaucoma in aphakia. 
Texas State J. Med. 49:134-137, March, 
1953. 

The etiology of glaucoma in aphakia is 
discussed from the standpoint of iridocy- 
clitis after extracapsular cataract extrac- 
tion, iris incarceration, delayed anterior 
formation and epithelial in- 
growth. Intracapsular cataract extrac- 
tion with a round pupil, iridotomy, and 
sutures are 


chamber 


appositional corneoscleral 
advocated. (6 references) 


Irwin E, Gaynon. 


Pallares, J. Some modifications in the 
details of Stallard’s operation for glau- 
coma. Arch. Soc. oftal. hispano-am. 12: 
1178-1188, Oct., 1952. 

Pallares is very enthusiastic over the 
results of Stallard’s operation, which com- 
prizes an anterior trap-door sclerotomy 
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and a basal iridencleisis, in chronic as well 
as in acute inflammatory glaucoma. The 
modifications which he describes are 1. 
the insertion of a traction suture anterior 
to the sclerotomy incision, and fixation of 
the posterior lip of the incision by a loop; 
2. section of the deeper scleral layers by 
a probe-tipped knife, such as a Weber 
canaliculus knife; 3. rolling of the con- 
junctival flap over a small triangular file, 
to improve the visibility of the angle of the 
anterior chamber; and 4. the use of de 
Wecker scissors with blunt tips to fashion 
the triangular flap of iris for inclusion in 
the lips of the wound. The purpose of 
the modification is to make the operation 
easier. (13 figures) Ray K. Daily. 
10 
CRYSTALLINE LENS 

Burch, E. P. Advances in cataract sur- 
gery. Minnesota Med. 35:1149-1150, Dec., 
1952. 

It has recently been demonstrated that 
l-percent xylocaine is an excellent anes- 
thetic agent for deep orbital injection and 
akinesia of the lids. Xylocaine as well as 
novocaine may be combined with either 
epinephrine or hyaluronidase, or both. 
The impression has been gained that if 
an intracapsular extraction is planned, 
xylocaine may be superior to novocaine, 
since marked hypotony, together with 
excellent ciliary ganglion and motor 
block and akinesia, has been noted in a 
very high percentage of cataract patients 
receiving xylocaine. The single most im- 
portant technical improvement in the 
extraction of the lens is the almost uni- 
versal use of some type of corneoscleral 
suture, either with or without a conjunc- 
tival flap. Both chromic catgut and black 
silk sutures are being used. The corneo- 
scleral suture permits more freedom in 
bed, earlier discharge 
from the hospital. It has rendered post- 
operative occlusion of both eyes uneces- 


ambulation and 


sary. Corneoscleral sutures lessen the 
threat of iris prolapse. They reduce the 
amount of astigmatism, promote earlier 
reformation of the anterior chamber, and 
decrease the incidence of hemorrhage into 
the anterior chamber, Such sutures per- 
mit the preservation of a round pupil in 
the majority of operations for cataract. 
The chief advantage of absorbable mildly 
chromicized, catgut silk is 


that the removal of the latter type is al 


sutures over 
ways attended by a slight but ever-pres- 
ent risk. the sulfa 
drugs and the antibiotics, potent agents 


Since the advent of 
are available to sterilize the conjunctival 
sac before operation and to combat infec- 
tion in the untoward event of postopera- 
tive infection. Cortisone can be of great 
value in checking postoperative iritis, par 
ticularly that variety which is due to re- 
tained lens substance following extracap 
sular extraction. Theodore M. Shapira. 


Hallermann, W. The etiology of brown, 
lamellar cataract. Klin. Monatsbl. f. 
Augenh. 121 :641-647, 1952. 

This type of cataract, first described by 
Vogt, is a yellow or brownish lamellar 
cataract at the posterior margin of the 
embryonal nucleus. Fifteen cases have so 
far been described and eleven occurred 
in syphilitic patients. The situation of the 
opacity requires a prenatal infection, The 
author describes another case in which 
the cataract was unilateral, The same eye 
showed the interstitial 
keratitis, and the fundus gave the pic- 


residues of an 


ture of a severe chorioretinitis. The sero- 
logic tests for lues were strongly positive. 
This case is further evidence for the as- 
sumption that this type of cataract is a 
complicated cataract due to an intra- 
uterine infection, usually syphilis. (3 fig- 
ures, 14 references) Frederick C, Blodi. 


Hirsch, F. G., and Parker, J. T. Bi- 
lateral lenticular opacities occurring in a 
technician operating a microwave genera- 


884 ABSTRACTS 


tor. A.M.A. Arch. Indust. Hyg. 6:512-517, 
Dec., 1952. 

A case of bilateral nuclear lenticular 
opacities with acute chorioretinitis in the 
left eye in a technician operating a micro- 
wave generator is reported. Personnel in 
daily contact with the energy dissipation 
of rays of microwave generators should 
wear metallic spectacle frames in which 
a fine copper mesh has been substituted 
for the ordinary lens. (3 figures) 

Irwin E, Gaynon. 


Malbran, Jorge. Refinements in cata- 
ract extraction. Arch. Soc. oftal. hispano- 
am. 12:1251-1259, Nov., 1952. 

The essentials of Malbran’s technique 
comprise a Van Lint akinesis, a retrobul- 
bar injection, retraction of the lids with 
Castroviejo’s mosquito clamps, preplaced 
corneal sutures, a strictly corneal section, 
and extraction of the lens by suction or 
forceps. He has discontinued the use of a 
bridle suture, and does not disturb the 


integrity of the iris. (3 figures, 14 refer- 


ences) Ray K. Daily. 

Remler, O. The brown, lamellar cata- 
ract. Klin. Monatsbl. f. Augenh. 121 :647- 
653, 1952. 

This type of cataract occupies the pos- 
terior margin of the embryonal nucleus. 
The author observed 22 cases at the clinic 
in Frankfurt. Twelve patients had a defi- 
nite syphilitic infection. No etiology for 
this type of embryonal cataract was 
found in the other ten patients. It must 
be assumed that other intrauterine infec- 
tions or prenatal disorders may produce 
these lens changes. (1 table, 1 figure, 8 
references) Frederick C. Blodi. 


11 
RETINA AND VITREOUS 
Begg, N. C., and Wilson, R. P. Retro- 
lental fibroplasia. New Zealand M. J. 52: 
30-34, Feb., 1953. 
The first case of retrolental fibroplasia 


in New Zealand is reported. The mother 
suffered from Addison’s anemia through- 
out pregnancy. The infant’s birth weight 
was 2 pounds and 1 ounce. Pemphigus 
developed after delivery. The cicatricial 
stage of retrolental fibroplasia was first 
noted at 7'4 months of age. It is inadvisa- 
ble to use too much oxygen. (12 refer- 
ences) Irwin E, Gaynon. 


Cramer, Federico E. K. Alterations in 
the fundus of the eye in tuberculous men- 
ingitis in children treated with strepto- 
mycin. Arch. oftal. Buenos Aires 27 :251- 
264, June, 1952. 

Observation of 54 patients led to sev- 
eral conclusions. Tuberculous meningitis 
in children alterations in the 
fundus in 82 percent and these are easily 
recognized with the ophthalmoscope. 
There are no typical ocular manifestations 
of the disease, but the changes noted 
make the diagnosis quite certain. The 
lesions found were 1. choroidal or cho- 
roidoretinal, and 2. papillary. Choroidal 
lesions (choroidal tubercles of Bouchut) 
were found in 9 percent of the cases. 
Alterations in the papilla were found in 
72 percent and were 1. vasomotor changes 
(hyperemia and ischemia); 2. edema of 
the papilla; and 3. ectasia of the papilla. 
The survival of the patients after treat- 
ment with streptomycin has made it 
possible to study the evolution of the 
ocular lesions and their final state. As 
the patients get well, the ophthalmoscope 
frequently shows a return to normal of 
the fundus, but at times there is partial 
or total papillary atrophy. The ocular 
lesions frequently do not correspond to 
the gravity of the disease. It is important 
to make frequent ophthalmoscopic exam- 
ination, not only in the patient on the 
road to recovery in order to confirm the 
favorable prognosis, but also in order to 
foresee an approaching relapse from 
changes, particularly edema in the papilla. 
Ophthalmoscopic examination of patients 


shows 
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with bacillary meningitis should be made 
routinely and often, since this has proved 
its value for diagnosis and prognosis. 


J. I. Pascal. 


Csapody, I., and Kovacs, A. X-ray treat- 
ment for retinoblastoma. Klin. Monatsbl. 
f. Augenh. 122 :43-51, 1953. 

A retinoblastoma in the second eye, suc- 
cessfully treated by irradiation according 
to Reese, is reported. (5 figures, 9 refer- 
ences) Frederick C. Blodi. 


Fanta, H. Further histologic studies of 
the sclera after shortening operations. 
Klin. Monatsbl. f. Augenh. 122:25-36, 
1953, 

This histologic study is mainly based 
on scarred stripes of sclera excised after 
a repeated shortening operation. It is 
necessary to close the scleral wound with 
many silk sutures to avoid its opening 
and it takes years before these sutures 
become absorbed. They may cause necro- 
sis and inflammatory reaction. The scar 
tissue is formed by the episcleral tissue. 
(11 figures, 5 references) 

Frederick C. Blodi. 


Havenar, W. H., and Falls, H. F. 
Liptopic treatment of vitreous opacities. 
Univ. Michigan Med. Bull. 19:12-13, Jan., 
1953. 

Intravitreally 
rabbits was not affected by the use of 
Methischol capsules and Lipozyme tab- 


injected cholesterol in 


lets. The vitreous opacities remained the 
same after five months of very intensive 
treatment. 


Irwin Gaynon. 


Larmande, A., Toulant, M., and Timsit, 
E. Infero-version of the retina. Arch. 
d’opht. 12 :692-698, 1952. 

The authors note the rarity of infero- 
version of the retina and describe a case 
in a 27-year-old Arab. The retinal de- 
tachment, which involved the entire upper 
half, occurred six weeks after a knife 
injury that had perforated the left cornea 


near the limbus at 5 o'clock. The disc was 
covered by the retina which had become 
detached to its border. In the lower nasal 
quadrant a portion of the anterior surface 
of the detachment could be seen. There 
was no return of the retina to normal 
position on bed rest and no surgery was 
attempted. The clinical picture is well 
illustrated by a drawing in color. From a 
review of the literature the authors con- 
clude that the condition occurs most com- 
monly in young adults and that it follows 
recent injury. They consider the progno- 
sis totally unfavorable but mention the 
one case described by Goldenberg in 
which a temporary spontaneous reattach- 
ment occurred. (1 figure, 16 references) 
P. Thygeson. 


Levy, Jack. Inherited retinal detach- 
ment. Brit. J. Ophth. 36:626-636, Nov., 
1952, 

Although most familial retinal detach- 
ment is associated with high myopia, 
most of the cases presented here occurred 
in hyperopic subjects. Two pedigrees are 
described in which the disease follows the 
x-chromosomal inheritance pattern. In 
one of them the abnormality occurred in 
seven males but was transmitted by fe- 
males without retinal detachment and 
five subjects had other ocular abnormali- 
ties, many of which were present from 
birth. In the second pedigree there were 
three cases of detachment with various 
other ocular abnormalities such as macular 
lesions, retinal cysts, vitreous veils and 
dendritic white lines. The results of treat- 
ment were very unsatisfactory and even 
when the detachment could be repaired, 
central vision remained very poor prob- 
ably because of a cystic degeneration of 
the macula. (6 figures, 36 references) 

Morris Kaplan. 


Linquette, Vouters, and Goudemand. 
Is the retinopathy of acute leukemia spe- 
cific? (Observations on 15 cases.) Arch. 
d’opht. 12 :699-710, 1953. 
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The authors have studied 15 cases of 
acute leukemia and point out the impor 
tance of frequent examinations because 
of the changing ophthalmoscopic picture. 
that the evolution of the 


They note 


retinopathy does not necessarily parallel 


that of the systemic disease. Certain 
retinopathies were capable of stabilization 
or of disappearing completely, and some 
patients at death showed virtually normal 
fundi. The authors do not consider the 
hemorrhages or exudates of the disease 
as pathognomonic but they do stress the 
diagnostic importance of the magnitude 
that 
while the mechanism of the retinopathy ts 
still the 
should be considered as part of the throm 
well 


of the hemorrhages. They believe 


undetermined, hemorrhages 


bocytopenic syndrome which is 
recognized in acute leukemia, They em 
phasize the variability of the systemic 
disease and note that acute leukemia can 
develop as a manifestation of a predom 
inantly anemic, hemorrhagic, infectious, 
or leukemic syndrome. (3 tables) 
P. Thygeson. 


Reimer, L.. The use of hormones as an 
adjuvant in the treatment of retinal de- 
tachments. Klin. Monatsbl. f. 
122 :79-83, 1953, 


A 46-year-old castrate had an unsue- 


Augenh. 


cessful detachment operation in the first 
eye. After the operation of the second 
eye testosterone was given and the retina 
reattached promptly. (9 references) 
Frederick C. Blodi. 


Singh, B. P., and Bruce, R. A. Preg- 
nancy toxemia with bilateral retinal sep- 
aration. \m. J. Obst. and Gynec. 65:186- 
188, Jan., 1953. 

A case of bilateral separation of the 
preg 
nancy. Recovery after medical treatment 


retina is deseribed in toxemia of 
was complete. (8 references) 
Irwin EF. Gaynon. 


Smith, T. R., and Pierce, L. H. Idio- 
pathic detachment of the retina. A.M.A. 
Arch. Ophth. 49 :36-44, Jan., 1953. 

In this review of 618 cases of idiopathic 
retinal detachment certain preoperative 
factors were found to be significant in 
altering the prognosis unfavorably. These 
factors include detachment of the macula, 
folds, total detach- 
ment, multiple breaks in the retina, fail- 


fixed retinal retinal 
ure to identify breaks, and aphakia with 
fixed folds. Other factors were found not 
to unfavorably influence the prognosis. 
They are previous extracapsular cataract 
extraction, lattice-like degeneration, age, 
and variations in the operative techniques 
employed. Treatment was successful in 
from 51 to 57 percent of all cases seen. 
This figure includes the patients (15 per- 
cent) in whom operation was not at- 
tempted. Reattachment of the retina for 
a minimum of six months resulted in 70 
to 74+ percent of the patients who were 
operated upon. (14 tables) 
George S. Tyner. 

Sun, S. F. Senile disciform degenera- 
tion of the macula lutea with report of a 
case. Chinese M. J. 70:82-86, Jan.-Feb., 
1952. 

A case of senile disciform degeneration 
of the macula in the right eye and circin 
ate retinopathy in the left in a Chinese 
with arteriosclerosis and syphilis of the 
central nervous system is presented. (2 
figures, 11 references) 

Irwin E. Gaynon. 


12 
OPTIC NERVE AND CHIASM 

Hisu, Shang-IIsien. Evulsion of the 
optic nerve. Chinese M. J. 70:77-81, Jan.- 
Feb., 1952. 

Two cases of traumatic evulsion of 
the optic nerve are presented. On ophthal- 
moscopic examination the optic nerve was 
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absent and was replaced by glial tissue. 
(2 figures, 14 references) 
Irwin FE. Gaynon. 


13 
NEURO-OPHTHALMOLOGY 

Abernathy, P. M. The clinical signifi- 
cance of nystagmus. North Carolina M. J. 
14 :73-76, Feb., 1953. 

Pendular nystagmus is usually of ocu- 
lar origin. Jerky nystagmus accompanied 
by tinnitus and vertigo is of labyrinth 
origin. Spontaneous nystagmus without 
vertigo is usually due to a brain lesion. 
Spontaneous rotatory nystagmus occurs 
in vestibular nerve and nuclear lesions. 
Vertical nystagmus is central in origin. 
Nystagmus without a fast phase indicates 
a supranuclear lesion. (6 references) 


Irwin E. Gaynon. 


Cantor, S.J. 
dyslexia. M. |. 


1953. 


A case of congenital 
Australia 1:182, Feb., 


In this case report a youth is described 
who had visual agnosia, a mental defect, 
epilepsy and social maladjustment. 

Ronald Lowe. 


(;ame, |. Temporal lobe tumours. M. J. 
Australia 12360-3608, March, 1953. 


Twenty recent cases are reviewed. 


Temporal lobe tumors are relatively fre- 
quent and often rapidly fatal. They sel- 
dom produce symptoms or signs by 
which they can be recognized with cer 
tainty. 


Uncinate occurred in 


only one fifth of the cases. Field defects 


epilepsy 


were found in 13 out of 17 patients tested, 
nine had homonymous field defects but 
only four showed upper quadrantic loss. 
The majority can be detected by special 
methods of examination, Associated dis- 
turbances of personality and intellect are 


discussed, Ronald Lowe. 


Parsons-Smith, Gerald. 


Ophthalmic 


manifestations of temporal arteritis. Brit. 
J. Ophth. 36 :615-625, Nov., 1952. 
Temporal arteritis is an infectious dis 
ease of the arteries of the scalp in middle 
to advanced age, which probably occurs 
more often than it is recognized ; recovery 
is spontaneous after several months al- 
though the affected arteries usually re- 
main obliterated; and the disease is usu- 
ally benign except as it may affect vision. 
It is characterized by severe pain and 
tenderness along the course of the scalp 
arteries and by fever and malaise. Ocular 
disturbances occur in about half the pa 
tients and may lead to complete loss of 
vision by causing marked ischemia of the 
optic nerves. Fifteen cases of temporal 
arteritis with such ocular lesions as optic 
atrophy, papilledema, thrombosis of cen- 
tral arteries or veins or their branches, 
macular hemorrhage, diplopia, ocular 
pain, ptosis and alexia are described in 
The 
usually irreversible. There is no satisfac- 
but 
heparin in the fulminant cases might have 


some detail. eye disturbances are 


tory treatment, administration of 
produced some benefit. (27 references) 


Morris Kaplan. 


Sunderland, Sydney. Mechanism re- 
sponsible for changes in the pupil unac- 
companied by disturbances of extra- 
ocular muscle function. Brit. J. Ophth. 
36 :638-644, Nov., 1952. 

Changes in pupillary function often 
occur which are unaccompanied by 
changes in function of the other parts of 
the oculo-motor nerve. An explanation of 
their origin on purely anatomical grounds 
is offered. After the nerve leaves the cere- 
bral peduncle and after passing through 
the lateral sinus it passes through an in- 
terval called the tentorial gap which is 
bounded by the tentorial notch, the dor- 
sum sellae and the brain stem. Here it is 
intimately related to several important 
vascular and cerebral structures, disturb- 
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ances of which can explain the pupillary 
malfunctions. Above are two branches of 
the cerebral arteries which pass directly 
over the nerve while the superior cere- 
bellar artery runs beneath it. A portion 
of the temporal lobe through which pu- 
pillo-constrictor fibers pass is also in in- 
timate contact with the upper part of the 
nerve. Thus it that anomalous 
neurovascular relations, aneurysms of 
any of the vessels, or a herniation of the 
temporal lobe through the tentorial notch 
can result in interference with the pupillo- 
constrictor fibers before functions of the 


is seen 


oculo-motor nerve are disturbed. (9 fig- 
Morris Kaplan. 


ures, 12 references) 


14 
EYEBALL, ORBIT, SINUSES 


Gensler, H. Acute exophthalmos. Klin. 
Monatsbl. f. Augenh, 122 :&83-86, 1953. 

Three elderly patients are described 
who had acute exophthalmos, which in 
one was bilateral. All three were in a 
state of heart failure and a thrombosis of 
the cavernous sinus was probably the 
cause of the exophthalmos. (6 references) 

Frederick C. Blodi, 


Kutscher, Eberhard. Tuberculosis of 
the orbital margin. Klin. Monatsbl. f. 
Augenh. 121 :712-715, 1952. 

A case of tuberculous periostitis of the 
orbit was successfully treated with strep- 
tomycin. (2 figures, 15 references) 

Frederick C. Blodi., 


Siedenbiedel, H. Benign giant cell 
tumor of the orbit. Klin. Monatsbl. f. 
Augenh, 122 :86-90, 1953. 

This benign tumor-like mass was found 
in the orbit of a 22-year-old man with 
exophthalmos. This brown tumor stems 
from bone tissue and presents a localized 
fibrous osteitis. (5 figures, 14 references) 

Frederick C. Blodi. 


Stokes, J. J. Ocular lesions in children 


simulating retinoblastoma: a report of 
fourteen cases of pseudoglioma. South. 
M. J. 46 :63-00, Jan., 1953. 

An analysis of pathologic data on 14 
eyes which were removed because of 
suspected retinoblastoma is reported. In 
11 of these 14 eyes the lesions were post 
inflammatory exudative retinitis (Coats’). 
This incidence agrees closely with that of 
the series reported by Sanders and indi- 
cates the conditions most often mistaken 
for retinoblastoma. 

Theodore M. Shapira. 


15 
EYELIDS, LACRIMAL APPARATUS 


Allen, James H. Lids, lacrimal appara- 
tus, and conjunctiva. A.M.A. Arch. Ophth. 
49 :90-109, Jan., 1953. 

Allen reviews 180 pertinent articles in 
literature in 19 pages. (190 

George S. Tyner. 


the recent 
references ) 


Boase, A. J. Tarsectomy. Brit. J. Ophth. 
36 :645-048, Nov., 1952. 

In East Africa trachoma abounds and 
trichiasis-entropion is very common and 
very disabling. The operation for its relief 
which is described is done by the author 
at the rate of 2,000 annually. It consists 
of a simple tarsectomy and can be accom- 
plished in 7 to 10 minutes, The lid is in 
filtrated with procaine-adrenalin and then 
everted with a Cruickshank forceps; the 
tarsus is incised from canthus to canthus 
in the subtarsal sulcus and is removed by 
a second incision through the conjunctiva 
at the upper end of the plate. The con- 
junctiva is sutured by a mattress suture 
of catgut going out through the skin and 
the eye is bandaged for 24 hours. The 
operation is uniformly successful with 
little reaction and is highly recommended 
for all cases of entropion. (5 figures) 


Morris Kaplan. 


Greeves, Affleck. Streptothrix conjunc- 
tivitis. Brit. J. Ophth. 36:653, Nov., 1952. 


ABSTRACTS 889 


Normally streptothrix infestation is 
limited to one or both canaliculi with very 
little irritation of the surrounding con- 
junctiva. Two cases of long-standing, 
resistant conjunctivitis which healed 
promptly after the monilia were found in 
the canaliculi and evacuated are briefly 
described. Morris Kaplan. 

Marin Amat. Permanent drain during 
the postoperative course of a dacryo- 
cystorhinostomy, and especially of a 
dacryorhinostomy. Arch. Soc.  oftal. 
hispano-am., 12:1335-1339, Nov., 1953. 

To prevent occlusion of the anasto- 
mosis between the lacrimal sac and the 
nose, Marin Amat uses a_horse-hair 
suture as a drain. After the surgical field 
is exposed and the transosseous opening 
into the nose made, the suture is passed 
through the inferior canaliculus and the 
surgical field into the and out 
through the nasal vestibule. The two ends 
of the thread are fixed on the face. The 
drain is maintained in the lacrimal 
passages for eight days. (3 figures, 5 
Ray K. Daily. 


nose, 


references) 


Meyer, F. W., and Kiuth, C. The cause 
of bloody tears. Klin. Monatsbl. f. 
Augenh. 121:719-724, 1952. 

The author saw two cases, one caused 
by a capillary hemangioma of the con- 
junctiva, the other one probably a case 
of hysteria. Other causes of bloody tears 
can be disease of the conjunctiva or the 
lacrimal gland, menstruation, mechanical 
irritation, and acetylcholine. (2 figures, 
52 references) Frederick C. Blodi. 

Smith, B., and Pang, H. G. Blepharo- 
ptosis treated by the Friedenwald-Guyton 
suture. A.M.A. Arch. Ophth. 49:45-48, 
Jan., 1953. 

The technique for correcting blepha- 
roptosis with the Friedenwald-Guyton 
suture is described. 35 patients were 


treated by this method and successful re- 


sults were obtained in 83 percent. This 
method is indicated 1. when other pro- 
cedures have failed, 2. to avoid exposure 
keratitis, 3. when there is undetermined 
levator or superior rectus function, or 4. 
acquired paralytic ptosis, 5. as a tempo- 
rary procedure, 6. in patients with a Mar- 
cus-Gunn syndrome, and 7. as a procedure 
for inexperienced surgeons. (1 figure, 6 
references) 
George S. Tyner. 


16 
TUMORS 


Cronin, T. D. Extensive pigmented nevi 
in hairbearing areas: removal of pig- 
mented layer while preserving the hair 
follicles. Plast. & Reconstruct. Surg. 11: 
94-106, Feb., 1953. 

The usual methods of removal of ex- 
tensive pigmented nevi of the scalp or 
eyebrow result in a bald spot or loss of 
the eyebrow. Reparative procedures 
usually require multiple stages and the 
final result is likely to be something less 
than normal. Since the pigment and nevus 
cells are in the upper half of the dermis 
and the hair follicles are in the lower half 
of the dermis and subcutaneous tissues, 
the author removes the former, as in tak- 
ing a split skin graft, and thus preserves 
the hair follicles and the capacity to grow 
hair. The author uses this method with- 
out fear of malignant change in intra- 
dermal nevi at any age, but in the case 
of junctional or compound nevi, he re- 
stricts its use to children below the age 
of puberty. His results have been so satis- 
factory that he now uses it on extensive 
non-hairy nevi in non-hairbearing areas, 
but he does not recommend this method 
for small nevi where simple full-thickness 
excision is best. Alston Callahan. 

De Unanimo, R. Dermoids of the 
sclero-corneal limbus. Arch. Soc. oftal. 
hispano.-am. 12 :1291-1297, Nov., 1952 


A dermoid of the limbus was excised 
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from the left eye of a patient, 17 years old. 
She returned later with a 
granuloma at the site of the tumor. Re- 


four weeks 


moval of the granuloma was followed by 
a permanent cure. To avoid the develop- 
ment of granulomas, the author suggests 
that after a clean excision of the tumor 
from the corneal tissue by parallel cuts of 
the knife, as in a keratotomy, the wound 
should be covered with a conjunctival flap 
and fixed to the limbus by three sclero 
conjunctival sutures, The literature on 
dermoids of the eyeball is reviewed. (10 
figures, 20 references) Ray K. Daily. 
18 
SYSTEMIC DISEASE AND PARASITES 

Franceschetti, A., Blum, J. D., and 
amatter, F. Diagnostic value of ocular 
symptoms in juvenile chronic polyarthri- 
tis (Still's disease). Tr. Ophth. Soc. U. 
Kingdom 71:17-26, 1951. 

In 1896 George Still separated from the 
mass of articular diseases of childhood a 
classical syndrome consisting of chromic 
periarticular polyarthritis which pro 
gresses with variable periods of remission 
without much damage to the bone itsell, 
and is accompanied by generalized en 
largement of the lymph glands and sple 
nomegaly. The arthritis, although affect- 
ing many joints, is benign and transient in 
character. A raised blood sedimentation 
rate may be the only indication of a rheu 
matoid affection. The ocular lesions con 
sist of a slow chronic iridocyclitis, an 
early band-shaped degeneration of the 
cornea, and a complicated cataract. The 
appearance of chronic iridocylitis in a 
child should make one think of Still's dis- 
ease because iridocyclitis is rare in child- 
hood. In the 14 histories reviewed, the iri- 
docyclitis appeared between the ages of 
two and 14 years. The ocular lesions may 


precede or follow the joint disease. The 


iridocyeclitis is usually bilateral and re 
mained unilateral in only 5 of the 14 pa- 
tients presented. Many of the eves de- 


velop phthisis bulbi or secondary glau 
Parkinsonian type of 
its characteristic masklike expressionless 


coma, facies with 


ness is frequent. Typical osteoporosis 
with integrity of the articular margin 
easily differentiates Still's disease from a 
tuberculous lesion. 

During the acute phase a periarticular 
swelling with rubbery consistency is char 
acteristic. (8 figures, 11 references) 

Beulah Cushman. 


Muscas, M. Two unusual cases of hem- 
orrhagic meningitis after injury to the 
orbit. Boll. d’ocul. 31:703-706, Nov., 1952. 

The author could find no reference in 
the literature to hemorrhagic meningitis 
after orbital trauma. A 14-year-old girl 
developed hemorrhagic meningitis from 
a knife wound, 1's cm. long, in the lower 
outer quadrant of the orbit. Culture of 
the cerebrospinal fluid showed no growth ; 
the Pandy reaction was slightly positive. 
fluid 
guinous for a few days; the patient re- 


The cerebrospinal remained san- 
covered with one normal eve and one re 
taining only light perception. 

36-year-old woman was hit by a 
piece of wood which entered the right or 
bit penetrating three centimeters. Typ 
cal meningitis dey eloped, the cerebro 
spinal tluid contained blood, and cultures 
were negative. After six weeks under sul 
fonamide treatment the patient recovered. 
(6 references) K. W. Ascher. 

Nutt, A. I. The association of ocular 
and articular disease. Tr. Ophth. Soc. U. 
Kingdom 71 :149-100, 1951, 

The author discusses the association of 
eye lesions with the mucocutaneous syn 
dromes and the diffuse collagen diseases. 

Five diseases are characterized by le- 
sions involving the eyes, mouth, genitals 
and in many cases the joints. They are de 
scribed as pluriorificial erosive ectodermo 
sis, Baader’s dermatostomatitis, Stevens- 
Johnson’s disease. Behcet's disease and 
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Reiter's disease. The diffuse collagen dis- 
eases are characterized by widespread al 
terations in the connective tissue, particu- 
larly by abnormalities of its extra-cellular 
components as in rheumatic fever, rheu- 
matoid arthritis, polyarteritis nodosa and 
acute disseminated lupus erythematosus. 
Fibrinoid degeneration of the collagen 
fibers and myxomatous swelling of the 
ground substance are an indication that 
certain chemical and physicochemical 
changes take place in the tissues. The idea 
of tissue disease accounts for the div ersity 
of clinical manifestations in these dis 
eases. Sjogren’s syndrome in late rheuma- 
toid arthritis shows the eye symptoms of 


diminished tear secretion with changes 
in the cornea and conjunctiva. Sclero 
malacia perforans is a rare condition in 
which holes occur in the sclera without 
the usual signs of inflammation. Spon- 
dylarthritis occurs most frequently in 
men and may give the clue to the existing 
pathogenesis of iritis if gonococecal infec 
tion is ruled out. Chronic polyarthritis in 
children, chietly girls, may be associated 
with ocular signs. The symptoms typical 
of Sull’s disease include enlargement of 
the lymphatic glands and spleen. The 
ocular changes comprise insidious irido- 
evelitis, band degeneration of the cornea, 
and slight impairment of the deeper parts 
of the eve. The ophthalmoscopic signs of 
polyarteritis nodosa are blurring of the 
dise, juxtapapillary hemorrhages, areas of 
retinal edema, transient retinal detach- 
ment, tubercle-like nodules of choroiditis 
which heal leaving lightly pigmented 
sears, and arteritis affecting the retinal 


he 


arteries, followed by obstruction of t 
lumen, aneurysmal dilatation scar 
formation. Malignant lupus erythema 
tosus may be associated with certain eye 
changes such as edema of the disc, retinal 
hemorrhages, cotton wool patches, de- 
tachment of the retina and optic atrophy. 
(43 references) 


Beulah Cushman. 


Rieger, I1. Cases with non-correspond- 
ing toxoplasma tests. Wien. klin. 
Wehnschr. 64 :945-947, Dee., 1952. 

In infection with toxoplasma, a corre- 
spondence of the skin test after Frenkel 
and the serum color test after Sabin-Feld- 
man is found in the majority of cases. In 
IS percent of the author’s patients whose 
eyes were infected with toxoplasma either 
the skin test or the blood titer test was 
negative. It is the author’s opinion that 
these differences are not due to laboratory 
errors, He reasons that the antibodies in 
the blood do not develop at the same time 
as skin sensitivity becomes evident. An- 
tibodies may also disappear from the 
blood before the skin loses its specific 
allergic sensitivity. These differences give 
a theoretical explanation for noncorre- 
sponding toxoplasma tests. (1 figure, 12 


references) Max Hirschfelder. 


Rieger, Hl. Ocular toxoplasmosis and 
hepatitis epidemica. Deutsche med. 
Wehnscehr. 77 :1250-1252, Oct., 1952. 

The author observed three patients with 
retinopathy due to toxoplasmosis, which 
was preceded or followed by epidemic 
hepatitis. In one family a patient with in- 
termittent hepatitis was found who had 
a positive toxoplasma reaction, It is pos- 
sible that patients with toxoplasmosis 
show an increased disposition to epidemic 
hepatitis. One must also consider the pos- 


sibility that toxoplasmosis is the cause of 
this type of hepatitis, even though the lit- 
erature is vague on this subject. It is sug- 
gested that all patients with epidemic 


hepatitis be tested for reaction to toxo- 


plasma. Max Hirschfelder. 


Saenz Canales, José, Present day prob- 
lem of ocular cysticercosis. An. Soc. mex. 
de oftal. 24:30-52, Jan.-March, 1950. 

Vosgien found that 47 percent of cysti- 
cercus infestation affected the eye. The 
most common species is Cysticercus cel- 
lulosae. The infestation could be attained 


892 ABSTRACTS 


by either a heteroinfestation, internal 
autoinfestation or external autoinfesta- 
tion. In the eye it is found extraocularly 
or intraocularly. The most common site 
is subretinal, then intravitreal and then 
subconjunctivai. It has been found to a 
lesser degree in the anterior chamber, in 
the orbit, iris, choroid and Tenon’s cap- 
sule. The parasite reaches these structures 
by way of their blood supply. The early 
diagnosis of intraocular cysticercosis 
depends on the visual symptoms. In 
the vitreous the cyst can be seen to have a 
diversity of movements. When the vitre- 
ous is clear the diagnosis may be rela- 
tively easy but when opacification starts 
it may be very difficult. The parasite may 
cause uveitis, secondary glaucoma, degen- 
eration of the globe and phthisis bulbi. 
Various techniques of extracting the vesi- 
cle from the globe are discussed. The 
prognosis is grave even after a successful 
removal from the globe. Other aids in the 
diagnosis are blood studies for eosino- 
philia, skin test and complement fixation. 
(76 references) Jose Pietri. 


Siboni, D. A case of ocular miosis due 
to rhinoestrus. Ann. d’ocul. 185 :966-969, 
Nov., 1952. 

A boy who had been struck in the face 
with mud developed an acute inflamma- 
tion of the lids and conjunctiva in the 
right eye one week later. Six white foreign 
bodies, each about 1.5 mm. long, were re- 
moved from the upper cul-de-sac and 
identified as oestrus ovis larvae. Healing 
promptly followed. Chas. A. Bahn. 

Silvan, F. Migrating subcutaneous 
parasite, with temporary invasion of the 
orbit. Arch. Soc. oftal. hispano.-am. 12: 
1189-1195, Oct., 1952. 


The literature is reviewed and a report 
of a case of a hypodermic myasis is de- 


scribed, in which the parasite entered the 
face through the wound, and in the course 
of its migrations remained for a time in 
the orbit. The patient, a child six years 
old, was struck a blow with an ear of corn, 
which produced a lacerated contusion on 
the side of the nose in the region of the 
lacrimal sac. Several days later the child 
developed swelling of the lids, with some 
exophthalmos, and complained of inter- 
mittent pain in the lids and orbit. The 
larva of the parasite probably entered the 
orbit through the small abrasion in the 
skin. The parasite migrated from the orbit 
to the temporal region, then down over 
the cheek, neck, and shoulder and 
finally after seven months burrowed an 
exit through the skin in the axilla, through 
which it was removed. The emigration of 
the parasite from the orbit was promoted 
by the application of hot compresses. This 
leads the author to suggest that dia- 
thermy may be used to drive the parasite 
to an accessible region, where it may be 
destroyed by a 30 seconds long applica- 
tion of ethyl chloride. (7 figures, 7 refer- 
ences) Ray K. Daily. 


Stankiewicz, Remigiusz. Scrofula in 
children a benign form of tuberculosis. 
Klinika Oczna 22 :225-234, 1952. 

Ninety-five percent of scrofulous chil- 
dren have positive skin reaction to tuber- 
culin, Frequently there are signs of in- 
active pulmonary lesions or active extra- 
pulmonary tuberculosis. The author ex- 
amined 74 children from 7 months to 10 
years of age. Their symptoms were bleph- 
aro-conjunctivitis, follicular conjunc- 
tivitis, dermatitis of the lids and lips, and 
cervical lymphadenitis. In 80 cases of 
tuberculous meningitis in children seen 
by the author, examination and history 
did not reveal any signs of scrofula. (2 
figures, 11 references) 

Sylvan Brandon. 
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News items should reach the editor by the 12th of the month but, to receive adequate publicity, notices of 
postgraduate courses, mectings, and so forth should be received at least three months before the date of 
occurrence, 


Deatus 
Dr. William Carle Davis, Columbus, Ohio, died 
March 8, 1953, aged 78 years. 
Dr. Clyde Percy Dyer, St. Louis, Missouri, died 
February 19, 1953, aged 68 years. 
Dr. John Silliman Macnie, Minneapolis, Minne- 
sota, died January 30, 1953, aged 78 years. 


ANNOUNCEMENTS 


COLORADO MEETING 

The summer convention of the Colorado Oph- 
thalmological Society will be held on August 3, 4, 
5, and 6, 1953, in conjunction with the Department 
of Graduate Education of the University of Colo- 
rado Medical School. Guest speakers, seminars, and 
demonstrations will constitute the four-day meeting, 
to be held at the University of Colorado Medical 
Center in Denver. Membership in the society and 
attendance at the mecting are open to all interested 
and accredited physicians. For information on regis- 
tration and fees, write to the Director of Graduate 
Education, University of Colorado Medical School, 
4200 East 9th Avenue, Denver, Colorado. 


MISCELLANEOUS 


Rio pe JANEIRO COURSE 

Recently the Department of Clinical Ophthalmol- 
ogy of the School of Graduate Medicine, Polyclinic 
Hospital, Rio de Janeiro, under the direction of 
Dr. Pedro Moacyr de Aguiar, gave two postgrad- 
uate courses, the first on ocular motility and the 
second on orthoptics. 


Gitt Memorrav Hospirar COURSE 

The Gill Memorial Eye, Ear, and Throat Hos- 
pital, Roanoke, Virginia, has just completed the 
26th annual refresher course in ophthalmology and 
otolaryngology. There were about 300 doctors in 
attendance and 45 states, Canada, and several 
foreign countries were represented. 

The 27th annual spring congress will be held 
from April 5 to April 10, 1954. 


GOLDEN JUBILEE 

To celebrate its golden jubilee, the Ophthalmo- 
logical Society of Egypt, with the collaboration of 
the regional office of the World Health Organiza- 
tion, organized scientific meetings that lasted for 


two weeks. Prof. Karl D. Lindner, Vienna; Dr. 
Philips Thygeson, San Jose, California; Prof. 
Rudolf Thiel. Frankfurt am Main; Dr. T. Kieth 
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Lyle, London; Prof. H. N. H. Ehlers, Copenhagen; 
and Dr. David G. Cogan, Boston, were invited by 
the regional office to attend the ceremonies, deliver 
lectures, perform operations, and attend discussion 
groups. 

The ceremonies were opened by a formal address 
given by Dr. Nour E] Din Tarraf, minister of Pub- 
lic Health. This was followed by addresses by Dr. 
Ali Tewfik Shausha, director of the Regional 
Health Bureau of the East Mediterranean, and by 
Dr. Mohammad Tewfik, president of the society. 
Professor Lindner started the scientific meetings 
by delivering the Soliman Lecture on “Improve- 
ment or cure of myopia by one- or two-stage scleral 
resection.” 

During the first three days, lectures and papers 
were read by the six visitors, by the members of 
the society, and by guests from Europe and from 
the Near and Far East. On the fourth day an oph- 
thalmic seminar was begun. The daily program of 
the seminar ran as follows: Operations from 9 to 11 
a.m.; a clinical conference from 11 a.m. to 1 p.m.;a 
lecture from 3:30 to 4:15 p.m.; a discussion group 
from 4:30 to 5:45 p.m., and a film lecture from 
5:45 to 6:30 p.m. 

The operations were done in four theaters, two at 
Fouad Ist Hospital, one at Demerdache Hospital, 
and the fourth at Giza Ophthalmic Hospital. The 
four operators, Professor Lindner, Dr. Lyle, Pro- 
fessor Thiel, and Professor Ehlers, made the 
round of all the four theaters. The operations per- 
formed comprised cataract extractions, glaucoma 
operations, dacryocystorhinostomy, scleral resection 
for retinal detachment and for high myopia, Sato’s 
operation for keratoconus, and operations for 
squint. 

The following lectures were delivered by the six 
guest speakers during the ceremonies: 

Professor Lindner: “Improvement or cure of 
myopia by one- or two-stage scleral resection,” 
“The etiology of myopia,” and “The pathology of 
the vitreous.” 

Dr. Thygeson: “Observations on the use of cor- 
tisone and hydrocortisone in ophthalmology,” “The 
follicular conjunctivitis,” and “The ocular mani- 
festations of the major dermatoses.” 

Dr. Lyle: “The operation of dacryocystorhinost- 
omy and its modification when the lacrimal sac is 
fibrotic or has already been removed,” “The treat- 
ment of concomitant strabismus in children,” and 
“Ocular palsy of congenital origin and its treat- 
ment.” 
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Thiel: “Diagnostic significance of 
fundus changes in hypertension,” and “Differential 
diagnosis and treatment of chronic uveitis.” 

Dr. Cogan: “Radiation effects on the eye,” “Cor- 
neal physiology,” and “Film lectures on many syn 


Professor 


dromes.” 

Professor Ehlers: “The proliferating diabetic 
retinopathy,” “The clinical evaluation of visual 
acuity,” and “Horner's syndrome.” 

At the business meeting held on the first day of 
the ceremonies, the following officers and members 
were elected to form the council of the society for 
1953: Dr. Ahmad Kamel, president; Dr. Moham- 
mad Osman Yousef, vice-president; Dr. Ibrahim 
Ahmad Mohammad, honorary treasurer and arcli- 
vist; Dr. Sabri Kamel, honorary secretary; Dr. 
Mohammad Tewfik Ismail, honorary assistant sec- 
retary; Dr. Ibrahim Ahmad Abboud, Dr. Ismail 
Disouki, Dr. Anwar El Masry, and Dr. Hanna 
Salib Ghobrial, members. 


Societies 
READING MEETING 

The guest speaker at the 134th meeting of the 
Reading (Pennsylvania) Eye, Ear, Nose, and 
Throat Society was Paul Boeder, Ph.D., instructor 
in ophthalmology at the Harvard Medical School, 
and director of the Bureau of Visual Science at the 
American Optical Company, Southbridge, Massa- 
chusetts. The subject of his address was “Some 
aspects of optics.’ 

A study club was conducted on the subject of 
“Lighting problems in industry and in the school.” 
Instructors were: Mr. Frederick R. Shenk, Wyo 
missing, an architect, and Mr. H. B. Ethott, West 
Reading, an illuminating engineer. 

The following officers were elected to serve for 
the 1953-34 term: president, Dr. M. K. Rothern 
berger, Allentown; vice-president and president 


elect, Dr. Paul C. Craig, Reading; secretary, Dr 
James H. Parker, Jr., Reading; treasurer, Dr. 
Philip R. Wiest, Reading 
Unrrep KinGpoM PROGRAM 

At the recent annual congress of the Oph 


thalmological Society of the United Kingdom held 
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at the Royal Society of Medicine, London, the fol 
lowing program was presented 

Address of the president, Dr. A. MacRae, “Prog 
nosis in malignant melanoma of choroid and ciliary 
body.” “Keratoconus associated with thyrotoxico 
was read by Mr. E. F. King; “A bulbar pres 
sure test for glaucoma,” Mr. P. L. Baxter; “In- 
dividuality in ophthalmology,” Mr. A. G 
“The course of thrombosis of the retinal veins,” 
Mr. Arthur Lister and Mr. F. B. Zwink; “Clinical 
survey of 600 N.H.S. contact lens Mr 
Frederick Ridley; “Some pitfalls in the diagnosis 
of plerocephalic edema,” Mr. T. Keith Lyle; “The 
Stevens-lohnson syndrome,” Mr. A. L. McCurry; 
“Corneal calcification,” Mr. J. H. Doggart. 

Professor Sir Goeffrey Jefferson presented the 
Bowman Lecture, the subject of his address being 
“The syndromes of the cavernous sinus.” “Changes 
in the refraction of the eye following the operation 
of lamellar scleral given by Mr. 
C. Dee Shapland ; aspects of total color 
blindness,” Mr. R. A. Weale; “Vascular patterns on 
the eye,” Mr. F Neubert; “A simple applanation 
tonometer,” Mr S. Perkins ; “Topical cortisone,” 
Dr. Alexander E. MacDonald 

Professor Robert Cruickshank, Professor Arnold 
Sorsby, and Mr. Derek Ainslie were openers for 


SIs 


Cross; 


cases, 


resection” 
“Some 
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the discussion on “The scope of antibiotics and 
chemotherapeutic agents in ophthalmology.” Films 
were shown on the following subjects: “Intra 


capsular extraction” and “Insertion of a plastic 
lens,” Mr. A. S. Philps; “Certain details of iriden 
cleisis,” Professor G. P. Sourdille; “Lamellar 
scleral resection,” Mr. C. Dee Shapland; “The in 
traocular acrvlic lens operation,” Mr. Harold Ridley 


PERSONALS 
Dr. William M. Hart, assistant professor of oph 
th mology ot Medical College, Phila 
delphia, Pennsylvania, has been appointed Chief of 
the Ophthalmology Clinics of the National Institute 


letferson 


of Neurological Diseases and Blindness, Public 
Health Service. His appointment began as of April 
15th. 

Dr. Arthur J. Bedell, Albany, New York, re 
cently returned from a lecture tour in Johannes 


burg, Cape Town, and Cairo, and Athens, Greece 
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unpose of the Guild 


@ The aim of the Guild of Prescription 
Opticians of America is to advance the 
science of ophthalmic optics through 
the development of a country-wide 
ethical optical dispensing service that 
comprehensively meets the needs of 
the Eye Physicians and their patients; 
and io educate the public to the fact 
that the Eye Physician-Guild Optician 
type of eye service truly renders the 
most desirable form of eye care. 


This statement of the Guild's purpose is reprinted from the cover of the REFER- 
ENCE LIST OF GUILD OPTICIANS, a geographical index of all our members. 
If you would like a copy, just drop a penny post card to 


Opticians of America, Inc. 
110 E. 23rd Street New York (10) N.Y. 


| 
Gy The Guild of Prescription OD 
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Vitreous Foreign Body FORCEPS 


328b* Forceps, Vitreous Foreign Body, THORPE: with delicate tip for 
the removal of irregular foreign bodies. 


ee 


328<* Forceps, Vitreous Foreign Body, THORPE: designed especially 
for the removal of lead shot. Instrument is inserted with blades 


closed, and should not be allowed to open until foreign body is 
reached. 


Shown in our 1953 Supplement to Eye Instrument 
Catalog. Copies sent upon request. 


Storz Instrument Company 


4570 Audubon Ave., St. Lovis, Micsouri 


GREEN'S ELECTRIC TREPHINE 


IMPROVED MODEL BY DAVID KADESKY, M.D. 


The instrument simplifies the operation of trephining for Glaucoma or Corneal Transplantation. 
Blades are provided with a shoulder that prevents penetration beyond 1.1 mm., and are 
available in 1'4 mm., 4.5, 4.6, 5.5, 5.6, 6.5, 6.6, mm. diameters. 


Trephine, case, and two 1% mm. blades ..........0.eeececeeeeeneeeeeseeenenceees $95.00 


PARSONS OPTICAL LABORATORIES, INC. 
_ 518 Powell Street San Francisco 2, Calif. 


— 
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CORNEAL SCISSORS 


Two of Our Many Efficient Eye Scissors 
—Correct Models, Properly Made— 
Durable, Clean-Cutting, Stainless Steel 


AEBLI 
OP-5620 Aebli Straight Scissors Each, $9.00 
OP-.5621 Angular Scissors, right. Each, $9.50 
OP-5622 Angular Scissors, left. Each, $10.25 


McGUIRE 
OP-5630 Curved Scissors, right. Each, $9.25 
OP-5631 Curved Scissors, left. Each, $9.25 


YOUR FREE COPY 


of our Complete Catalog of Fine Instru- 
ments, Equipment and Supplies for modern 
Eye Surgery will be sent promptly upon 
request. 


Instrument Makers To The Profession Since 1895 
330 S. HONORE STREET 
& 4 CHICAGO 12, ILLINOIS 


. . liquid preparations offered or in- 
tended for ophthalmic use which are 


not sterile may be regarded as adulter- 
ated 


Only offers you 


sterile, stable, buffered, preserved, 
quality-controlled solutions of all 
commonly used ophthalmic drugs 


Write for a descriptive list of ISO-SOL products. 
* Federal Register, Jan. 16, 1953; 18 F.R. 351. 


THE ISO-SOL CO., INC. 
130 Flatbush Avenue, Brooklyn 17, New York 
Pioneer specialists in sterile ophthalmic pharmaceuticals 
In Canada: Ranar Co., 1245 St. Catherine St., W. Montreal, Canada 
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SURGICAL INSTRUMENTS CO., INC,, 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 
LONDON ESTABLISHED 1875 PARIS 


IMPROVED MODEL MADDOX WING TEST 


| Horizontal and vertical deviations and cyclo- 
 phoria may be measured on the chart of this instru- 
ment. The red arrow points to a vertical row of 
red figures and indicates the degree of hyperphoria. 
> -k* The white arrow points to a row of horizontal 
figures and indicates es- or exophoria. This new 
model has been improved by the addition of two 
movable arrows which the patient slides back and 
forth on their own tracks. The examiner will then 
be certain that he is getting a correct indication 
from the patient of the exact amount of phoria 
present. Cyclophoria is denoted when the red 
arrow does not my a parallel to the horizontal 
white line and its degree is recorded on the small 
scale at the right of the chart. The working distance 
is 33 cms. and the horizontal and vertical deviations 
' are recorded in prism diopters. 
Price $29.50 


The KRAHN Slit Lamp 
Binocular Microscope (HSE) 


@ One-hand control lever (joy-stick) for all direction | 
positioning 

© Combined adjustability for Slit Lamp and Micro- 
scope with constant focus 

© Same center level for slit and microscope of every 
axial rotation 

© Hruby lens 

Brilliant illumination 

@ Sharply defined vertical and horizontal slit 

@ Interchangeable to Binocular Ophthalmoscope 


KRAHN Binocular 


Ophthalmoscope (OFE) The Slit Lamp gives a sharp-edged limited slit image 

and its light intensity is outstanding. The width of the 
slit is variable, may be narrowed down to the pin-point, 
ompletely closed or developed in a horizontal slit. 


@ For stereoscopic microscopy of the 
CO t 
Fitted on instrument plate with glass top 12” « 16” 


fundus. 


@ Reflex-free and haze-free in case of 
large angle of aperture. 
ANTON HEILMAN 
@ Ob t f th heral = 
the tae 75 Madison Ave., New York 16, N.Y. 


lesions and tears in the retina. 
Send Catalog on: 


@ Variable illumination, slit image and a 
SLIT LAMP BINOCULAR MICROSCOPE (HSE) 
d-f filter, bright fixat t. Ww 
=) BINOCULAR OPHTHALMOSCOPE (OFE) 


@ Very simple manipulation . . . and NAME ... 
joy-stick adjustment. ADDRESS 


Model OFH is supplied as an accessory 
{instrument to Sit Lamp Model HSE. : 
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the cosmetic 
STENOPEIC SPECTACLE 


A PRACTICAL AND COSMETIC 
VISUAL AID 
WITH MANY USES 

@ In irregular astigmatism, conical cornea, discrete corneal opacities and incipient cataract 
the pinholes often permit a clarity not obtainable by spectacle lenses. 

© As a temporary expedient the pinholes are valuable for children with high astigmatism 
(myopic, hyperopic or mixed) until they become sufficiently cooperative for precise 

jective refraction. 

© Following cycloplegia, the pinhole provides protection from glare and compensates for 
the disturbed visual acuity. 

@In pathologic photophobia the pinholes frequently reduce light to a comfortable de- 
gree and yet permit effective vision. 

@ In cases of retinal separation, the motion of the eyeballs can be controlled adequately 
by blocking all but the central pinholes. 

@ Used in patients with cataract extraction, before the procurement of their new glasses, 
the pinhole spectacles add an element of protection besides their other advantages. 

The Cosmetic STEN OPEIC Spectacles have many other uses. Write for further 


information. 
@ SPECIAL PRICES TO OCULISTS 
SOLD ON A 30-DAY MONEY BACK GUARANTEE IF NOT SATISFIED 


SUNSET GLARE GUARD CORP. i717 WEST GLENOAKS BLVD., GLENDALE 1, CALIFORNIA 


THE NEW A.I1.M. SLIT LAMP 


A FINE INSTRUMENT FOR EXAMINATION AND DIAGNOSIS 


PRICE $995.00 
COMPLETE WITH TRANSFORMER, TABLE, 
AND ADJUSTMENT PEDESTAL 


One of many superb British-made 
ophthalmic products, the result of 


a long tradition of expert design 
and skilled craftsmanship, im- 


ported by 
CURRY & PAXTON, INC. 


101 Park Avenue, N.Y. 17, N.Y 


from distinguished inst t k 


ALLIED INSTRUMENT MANUFACTURERS, 
LTD. 


CLEMENT CLARKE, LTD. 
CURRY & PAXTON, LTD. 


Write for Catalog—Price List J 


Distributed In this country by outstanding optical 
firms, Including: New York: E. B. Meyrowltz Co. 
Chicage: The House of Vision, Inc. 

And at the Park Avenue Showrooms In New York 
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The Visual Skills Training Equipment that's 


EASIEST TO BUY 


It's the GREATEST VALUE ever offered 
in usable instrumentation—$178 for everything 


required to apply visual skills training pro- 
cedures for—Fixations, Fusion, Stereopsis, Simul- 
taneous Perception, Chiroscopic Tracing, Color 
Fusion, Hand-Eye Coordination, Phoria Train- 
ing, Accommodative Amplitude, Accommoda- 
tive-Convergence, Acuity, Amblyopia. 

If desired can be purchased on Pay-for-Itself 


Plan, payments over 12 months. 


& 


A skills training service that’s complete, in- 


cluding Equipment, Materials, and Manuals 
—practical manuals that cover every training 
situation, based on a wealth of office experience, 
so clearly presented that the ophthalmologist 
proceeds with confidence on a type of training 
case that is new to him. Mail the coupon for 
ctreular. 


Keystone View Co., Meadville, Pa. 
Please mail circular on the Keystone Utility Service 


(Address) . 
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COMPLETE 
OPHTHALMIC 
SERVICE 
FOR THE 
PROFESSION 


Complete Laboratories in Minneapolis and 
Principal Cities of Upper Midwest 


EXECUTIVE OFFICES 


MINNEAPOLIS, MINN. 


“OPHTHALMIC 
LITERATURE”’ 


AN ABSTRACT JOURNAL IN ENG- 
LISH OF THE WORLD’S CUR- 
RENT LITERATURE ON OPH- 
THALMIC SUBJECTS 


Indispensable to the busy practi- 
tioner for quick reference and 
timely useful information. 

“Ophthalmic Literature” and In- 
dex (8 numbers) Yearly sub- 
scription—Four Guineas ($13.50 


U.S.A.). Published by British 
Medical Association. 
U. S. A. Agent 
GRUNE & STRATTON, INC. 
381 Fourth Ave. 


New York 16, New York 
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THE UNIQUE 
GOLDMANN SLIT LAMP 


® One Arm Control 
¢ Hruby Lens for Fundus Exam- 
ination 


Many Other Advantages 


U.S. Agents Also for: 


Perimeters, Ophthalmometers and 
Other Ophthalmological Equip- 


ment. 


ALFRED P. POLL 


Dispensing Opticians 
40 WEST 55TH STREET, NEW YORK 19, N.Y. 


Trade in Allowance for Poser and Universal Lamps 


ARTIFICIAL EYES GREINER & MUELLER 


MADE TO ORDER GLASS & PLASTIC 
AND FITTED EXPERTLY 55 E. Washington St. . . . Chicago 2, Ill 
pa Phone FR 2-4449 
Branches at Kansas City, Mo., Detroit, Mich. 


regularly. Serving the Middie West since (924. 


Eye making has been a family tradition 
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THE 
PROCTOR 
MEDAL 


Funds for the establishment of the Re- 
search Medal of the Association for Re- 
search in Ophthalmology were donated in 
1947 by Mrs. Francis I. Proctor of Santa Fe, 
New Mexico, as a memorial to her late hus- 
band, Dr. Proctor, a Boston ophthalmologist, 
became intensely interested in the experi- 
mental side of ophthalmology after his re- 
tirement, and participated numerous 
studies on the etiology and treatment of 
trachoma. The purpose of the medal is to 
stimulate research and to honor investigators 
who have made notable contributions in the 
basic fields of ophthalmology. The medal is 
to be awarded without regard to the national- 


ity or professional status of the recipient 
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V. Everett Kinsey was born in Pitts- 
burgh, Pennsylvania, in 1909. He received a 
B.S. degree at the University of Pittsburgh 
in 1931, and in 1932 he assisted Dr. Nicholas 
Rashevsky in biophysical research at the Re- 
search Laboratory of the Westinghouse 
Klectric Company in East Pittsburgh, Dr. 
Kinsey obtained a Ph.D. degree in zoology at 
the University of Pittsburgh in 1935 where 
he conducted studies on the biologic effects 
of X rays. 

The following year he continued his re- 
search on the effects of short-wave radiations 
at the Cancer Research Laboratory at the 
University of Pennsylvania in Philadelphia 
and, during 1937 and 1938, he worked as a 
research biochemist at the Mulford Biologi- 
cal Laboratory of the Sharp and Dohme 
Company in Philadelphia where he investi- 
gated improved methods for purification of 
antitoxins, 

rom 1938 to 1940, he was an associate in 
research in ophthalmology at the School of 
Medicine of the University of Pittsburgh. In 
1940, he joined the staff of the Howe Labo- 
ratory of Ophthalmology of the Harvard 
Medical School as an assistant in ophthalmic 
research. He later held the position of associ- 
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BY V. Everetr Kinsey, Px.D. 


ate, instructor, and assistant professor of 
ophthalmic research, and from 1946 through 
1950 he was also director of research on 
retrolental fibroplasia at the Massachusetts 
Eye and Ear Infirmary in Boston. 

In 1950, Dr. Kinsey became assistant di- 
rector of research at the Kresge Eye Insti- 
tute in Detroit and was appointed professor 
of ophthalmic chemistry at the Wayne Uni- 
versity College of Medicine. 

Dr. Kinsey is an honorary member of the 
New England Ophthalmological Society, a 
special member of the Detroit Ophthalmo- 
logical Society, a member of the Detroit 
Physiological Society, the Association for 
Research in Ophthalmology, the American 
Chemical Society, and Sigma Xi. He is chair- 
man of the Scientific Advisory Board of the 
National Foundation for Eye Research, a 
member of the executive committee on re- 
search of the National Society for the Pre- 
vention of Blindness, an associate editor of 
the Archives of Ophthalmology, and a mem- 
ber of the Sensory Diseases Study Section 
of the U. S. Public Health Dr. 
Kinsey was co-winner of the Warren Tri- 
ennial Prize of the Massachusetts General 
Hospital in Boston in 1944. 
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Detroit, 


It was Shakespeare, | believe, who in 
speaking of the quality of mercy said that 
“it is twice blessed.” I feel that way this 
evening for I have had the joy of sharing in 
the performance of the research for which 
this medal is given, and at the same time 
have the pleasure of receiving it. | am deeply 
appreciative, and accept the Proctor Medal 
Award realizing that it is given for investi- 
gations pursued not by myself alone, but by 
a number of outstanding collaborators and 
assistants. 

The 


course of my career in ophthalmic research 


environment which influenced the 
was, and is, one in which collaborative re- 
search comes quite naturally, 

When Dr. David Cogan became director 
of the Howe Laboratory of Ophthalmology 
in 1940, upon Dr. Frederick Verhoeff’s re- 
tirement, he recognized that ophthalmic re- 
search had progressed to a point bevond that 
described by Dr. Jonas Friedenwald several 


years ago as the natural history or classifica- 


tion phase of science. 

In this more mature phase of ophthalmic 
research Dr. Cogan believed that continued 
progress would depend more and more upon 
talents of in 


utilization of the combined 


dividuals having varied backgrounds and 


interests, And so he set out to bring mdivid 
uals trained in the basic sciences into the 
ophthalmic field, and, as he said, in effect, 


encourage them to apply their talents co 


Vichigan 


operatively in a laboratory, closely associated 
with a clinic, where collaboration with clini- 
cians would be mutually beneficial. 

Having already become interested in 
ophthalmic problems through my association 
and work on the effects of infrared radiation 
on the eye with the late Dr. Charles Kutscher 
of Pittsburgh, I was enthusiastic about en- 
tering into such a cooperative and pioneering 
venture. That my future, in what was then 
regarded as almost exclusively a clinical field, 
would be anything but black was not at all 
apparent to my colleagues in basic sciences, 
and that a basic scientist could contribute 
anything to such a clinical field must have 
been equally doubtful to some, when I recall 
that one of the members of the staff of the 
Massachusetts Eve and Ear Infirmary, who 
incidentally left Boston long ago, questioned 
the judgment, if not sanity, of Dr. Cogan 
still, 
space to “a man who was not even an oph- 


when he hired, and worse allocated 
thalmologist.”” | was not alone, however, as 
Dr. Elek Ludvigh, who, as you know, is a 
biophysicist, had been associated with Dr. 
Verhoeff in the Howe Laboratory for a 
number of years. It was in this stimulating 
milieu that [arrived in 1940, where, by 
design, emphasis was to be placed on. the 
collaborative tVvpe of research, 

The men whose efforts and talents con 
tributed to the studies with which we are 
concerned this evening are familiar to most 
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of you. First, Dr. Cogan’s broad clinical 
experience and knowledge of the eye, plus 
his ability to place his finger on the weak spot 
in an experiment or suggest a different ap- 
proach to a problem, were exceedingly help- 
ful to me. Our studies on the permeability 
and turgescent properties of the cornea 
offered an opportunity to learn the value of 
collaborative research. 

Dr. Morton Grant's industry and insight 
contributed to the early studies of intra- 
ocular-fluid dynamics and to the long series 
of investigations on the biologic effects of 
war gases which we pursued throughout the 
war years. The boundless energy and origi- 
nality of approach of Dr. Ernst Barany, of 
Uppsala, Sweden, made possible the meas- 
urements of the rate of flow of aqueous 
humor, and interpretation of much data on 
the physiology of intraocular fluids. 

The interpretation of much of the research 
has depended upon quantitative relationships, 
the mathematical expression of which, in 
large part, is attributable to the unique ability 
of Dr. Ludvigh to translate biologic concepts 
into mathematical equations. The technical 
skill of Dr. Frederic Merriam made possible 
the development of techniques for culturing 
the lens in a manner which permits the 
quantitative study of its metabolism. 

The personal enthusiasm of the late Dr. 
Theodore Terry and his extraordinary in- 
terest in retrolental fibroplasia influenced me 
to continue study of this disease after his 
death. Dr. Blanche Jackson, Dr. Martin Wil- 
liamson, Dr. Leona Zacharias, and Dr. Paul 
Goldhaber contributed greatly to the basic 
aspects of this research, and the clinical 
studies would not have been possible without 
the help of Dr. Julian Chisholm and Dr. 
Merrill King. 

At the Kresge Eve Institute in Detroit, 
Dr. Charles intimate 
knowledge of intermediate metabolism, has 


Frohman, with his 


made it possible to study some of the more 
subtle aspects of the chemistry of the lens. 


In this new location I receive the continued 
benefit of Dr. Ludvigh’s brilliant analytical 


mind plus the astute clinical counsel of Dr. 
Albert Ruedemann. 

It is abundantly evident that the work for 
which the Proctor Award is given has been 
the result of conjoint effort, and it is for 
illustration of this point that I have drawn 
so heavily on my personal experience. Pre- 
vious recipients of this award have likewise 
pointed to the collaborative nature of their 
research and stressed its benefits. Collabora 
tive research, however, is possible only in the 
midst of collaborators, and, in the past, few 
institutions could afford even a nucleus of 
research workers. 

We are now in the midst of an economic 
revolution so far as financial support for 
research in ophthalmology is concerned—a 
revolution which might be expected to im- 
prove both the quantity and quality of basic 
research in ophthalmology. This seems to be 
a fitting time to discuss briefly some of the 
changing economics of research in this field 
and to point to several factors which | feel 
must be taken into account if ophthalmology 
is to profit maximally from additional finan- 
cial support. 

Increased funds for research first became 
available in relatively large amounts during 
the last war from both the Armed Services 
and the Office of Scientific Research and De 
unsettled in- 
funds for 


velopment. Because of the 
ternational 
more or less assigned studies have contin- 
ued to be made available by the Army and 


Navy and also by the Veterans Administra- 


situation, postwar 


tion. 

During the past three years investigations 
concerned with radiation cataracts have re- 
ceived relatively large support from the 
Atomic Energy Commission. But govern- 
mental support which promises to be largest 
in amount and influence to the greatest ex 
tent the course of research in ophthalmology 
will come from the new Institute for Neu- 
rological Diseases and Blindness of the U.S. 
Public Health Service. 

The amount allocated for eye research 
from all governmental agencies amounted to 
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about $700,000 for the years 1950 and 1951.* 
This sum represents an increase of approxi- 
mately fivefold in governmental aid of re- 
search compared with the years 1946, 1947, 
and 1948, and, roughly speaking, doubles the 
total funds available for ophthalmic research. 

The 


sources has increased too. Funds from the 


amount of money from private 
Kresge Foundation, for instance, made it 
possible to establish the Kresge E-ye Institute 
in Detroit, and grants from this foundation 
have been given to ophthalmic investigators 
The Proctor and 
Doheny funds have aided research workers 


in other communities. 
on the West Coast in pursuing their ocular 
investigations on an expanded scale. 

Sums contributed by individuals, who 
usually are interested in a specific disease, 
have enabled some investigators in various 
parts of the country to augment their re- 
search activities. Unfortunately, private 
funds have not increased to the extent of 
governmental funds. While a comparison of 
the amount of money currently allocated for 
research in ophthalmology with that of even 
a few years ago may be misleading because 
of higher costs, the fact remains that more 
money is available now than ever before. 

With the exception of a part of the funds 
from private sources, the increased money 
available for basic research in ophthalmology 
has been given almost exclusively for the 
support of projects on a short-term basis. 
$y and large this kind of financing, even 
though some of the grants are subject to 
renewal, only makes it possible for estab- 
lished investigators to hire assistants and to 
obtain additional laboratory equipment. It 
does not permit appreciable expansion of the 
basic framework on which the national effort 
in basic research in ophthalmology rests. 

It seems to me that unless we are to be- 


come top-heavy with short-term projects 


pursued by the relatively few individuals 
who at present conduct most of the basic 

* Deignan, S. L., and Miller, E.: The support of 
research in medical and allied fields for the period 
1946 through 1951. Science, 115 :321, 1952 


research in ophthalmology in the country, it 
is necessary that provision be made to en- 
large this basic framework. 

Believing as I do in the advantages of 
collaborative research which in this field fre- 
quently involves the full-time investigator, 
enlargement can best be accomplished, I 
think, by establishing for the career investi- 
gators more permanent positions—positions 
which at the top level should carry with them 
tenure and academic rank corresponding to 
the full professorships which until two years 
ago were available only in clinical ophthal- 
mology. 

How else can we attract the best qualitied 
men from the basic-science field or expect 
a clinically trained ophthalmologist with a 
desire to do research to forego the financial 
and sometimes even academic rewards of 
private practice ? 

More laboratory space for experimental 
studies is another requisite. The present 
facilities in most of the institutions with 
which I am familiar are already overcrowded. 
This space should be in proximity to the 
clinic, not only to speed practical application 
of laboratory observations but to maintain 
close contact with the clinician. 

The number of pages of ophthalmic jour- 
nals and amount of time at meetings devoted 
to the dissemination of knowledge in basic 
ophthalmic research may have to be increased 
as augmented research efforts lead to an 
increase in the papers requiring more or less 
immediate presentation. A partial solution to 
this problem, incurring no financial burden, 
may be to employ the method of referees 
used by some of the journals and societies 
in the basic scientific fields. This suggested 
solution to the problem has the added advan- 
tage of maintaining quality. 

These three personnel, 
space, and facilities for presenting experi- 
mental data, must be adequately fulfilled if 
we are to provide a sound basis for expan- 


requirements, 


sion of the over-all framework of basic re 
search in ophthalmology. They all demand 
long-term planning and long-term planning 
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is valueless without long-term grants. 

It is my belief that we who are most con 
cerned with the future of basic ophthalmic 
research should continue to emphasize this 


~mnt to private and governmental agencies 
l 


which have brought about the economic 
revolution in ophthalmic research. Only by 
being vocal can we make certain that a 


greater proportion of the grants will be 
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made available for periods long enough to 
establish research organizations having suth 
cient permanence to assure acquisition of a 
staff of high caliber. 

Again | wish to express my appreciation 
to the members of this society for the honor 


bestowed upon me. 


690 Mullett Street (26). 


THE DEVELOPMENT OF THE EXTRINSIC MUSCLES OF THE EYE 


Watcter H. Fink, M.D. 


Vinneapolis, 


A study of the developmental anatomy of 
the extrinsic muscles is of interest to both 
the anatomist and the clinician. 

The anatomist’s interest centers on a back- 
ground which makes possible that mature 


anatomic picture; the clinician's interest 
centers on a background of anatomic facts 
which assist him understanding the 


normal and abnormal actions of the extrinsic 
muscles, thus making possible the diagnosis 
of an obscure clinical problem. 

A review of the available data concerning 
the development of the extrinsic muscles 
reveals a very incomplete picture, Although 
an appreciable amount of information is 
available during this period concerning other 
phases of ocular development, little attention 
has been directed to the development of the 
extrinsic muscles. Most of the references to 
the extrinsic-muscle development pertain to 
lower vertebrates and deal only with the very 
early of 
Gilbert’s' monumental work, which has just 


embryonic period development. 


been completed, has added appreciably to 
our knowledge of the very early embryonic 
extrinsic muscle development in man. 
Because of the state of uncertainty which 
eXists concerning the later development of 
the extrinsic muscles, it seems advisable to 
assemble various pertinent facts concerning 
this phase of their development, some of 
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which are known and some of which have 
been determined in a study that I made of 
a series of specimens. The present study 
begins where Gilbert's study (early embryo- 
logic period ) stopped and carries the de- 
velopment to maturity, thus completing the 
entire period of development of the extrinsic 
muscles in man, 

The presentation is based upon a study 
of a series of human specimens in which the 
of the 
extrinsic muscles are noted. The specimens 


successive stages development of 
studied cover the period from the 40-mm. 
stage to maturity. 

It must be recognized that such a presenta- 
tion is not all inclusive but rather a step 
toward the completed picture and many wide 
gaps in our knowledge concerning extrinsic 
muscle development will remain. It is hoped, 
however, that this study will assist in clari 
fying some of the more obscure phases of 
extrinsic-muscle development and act as a 
stimulant to further study in this field. 

A study of this nature involves not only 
the developmental process of the extrinsic 
muscles but also a background of knowledge 
concerning their comparative development. 
Such a background enables us to appreciate 
the basis for the various developmental proc 
esses. 


In this presentation the various aspects of 


DEVELOPMENT OF 


extrinsic muscle development will be con- 
sidered in the following catagories : 

A. Developmental factors related to the 
extrinsic muscles as a whole. 

B. Developmental factors related to the 
origin and insertion of the extrinsic muscles. 

C. Developmental factors related to the 
position of the eveball. 


A, DEVELOPMENTAL FACTORS RELATED TO 


THE MUSCLES AS A WHOLE 


In studying the development of the extrin- 


sic muscles of man, certain facts become 


evident: 
1. Available 


initial development of the extrinsic muscles 


evidence indicates that the 
in man ts similar to that of other higher 
vertebrates. 

In his recent work on the early develop 
ment of the extrinsic muscles of the human 
embryo, Gilbert' has given definite proof 
that in the higher mammals, the mass of 
mesoderm from which the eve muscles are 
developed should be regarded as representing 
the fusion of persisting parts of three of the 
most rostrally located of the head somites of 
primitive ancestral forms. This interpreta- 
tion is supported by the fact that the in- 
nervation of the eve muscles is of the same 
character as that of muscles of somitic origin 
in other parts of the be nly. 

The knowledge of a similarity in the pat 
tern of development in lower forms and in 
man gives us a better basis for the apprecia- 
tion of the highly complicated development 
as found in man. 

2. The extrinsic-musecle development in 
man occupies a high position in the scale of 
phylogenetic development. The fundamental 
factor which seems to govern the degree and 
tvpe of extrinsic muscle development is en- 
vironment. One of the most striking features 
of the influence of environment is the vari 
able degree and type of muscle development 
found in passing from the simpler forms of 


life upward through the various levels 


The invertebrate eve not only shows more 


| 
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primitive extrinsic muscle development than 
the vertebrate eve, but also a wide variation 
in type due to environmental influences. 

At the vertebrate level, there is a constant 
and complicated system of muscles, consist- 
ing usually of four recti, two obliques, and, 
in the majority of cases, a retractor. Despite 
this complicated apparatus and its efficient 
nerve supply, the eves of fishes, reptiles, am 
phibians, birds, and aquatic mammals show 
wide variations in type of extrinsic muscle 
development, largely owing to environmental 
conditions. 

The relative importance of the individual 
the 
species, and the development of different 


extrinsic muscles varies in different 
muscles can be correlated to a certain extent 
with variations in function. 

In most fish, the horizontal muscles are 
more highly developed because the eve move 
ments are chiefly in the horizontal plane. The 
obliques are hypertrophied in herbivora, in 
which the continual up-and-down movements 
of the head necessitate corresponding clock- 
of the 


medial and 


rotation 
the 


wise and counterclockwise 
()n 


lateral recti are hypertrophied in carnivora, 


eves. the other hand, 
in which the predominant head movements 
are sidewise. 

The erect position in bipeds has led to a 
greater development of the muscles turning 
the eves downward (the inferior rectus and 
superior oblique) than of muscles turning 
the eves upward. The superior oblique mus 
cle has been lengthened, and its effectivity in 
human beings has been increased by the 
development of a muscle inserting at the 
apex of the orbit, while the shorter inferior 
oblique muscle continues to insert at the 
margin of the orbit. 

The degree of development of the extrin 
sic muscles is closely associated with the en 
vironmental need for ocular mobility. As the 
eves come to be placed forward in the head, 
the only way in which panoramic vision can 
be maintained is by greater ocular mobility 
In studying ocular mobility, it) should be 
remembered that the primitive function of 
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the eye muscles was not to aim the eye at 
objects. 

The original actions were reflex and in- 
voluntary, designed to give the eyeball the 
attributes of a gyroscopically stabilized ship, 
for the purpose of maintaining a constancy 
of visual field despite chance buffetings and 
twistings of the animal’s body by water cur- 
rents and so on. This primitive type of eye 
movement is scen in the lower types of 
vertebrates and is in keeping with environ 
mental needs, 

The primitiy e function of the eve is best 
illustrated in the simpler types of fish. The 
vast majority have only retlex, involuntary 
eye movements, In fish whose eyes are placed 
laterally, every turn of the head is accom 
panied by a compensatory turning of the eye. 
A moving object is never followed by an 
eye movement; instead, the fish (having no 
neck ordinarily) bends or turns the whole 
body so as to face the interesting object and 
keep it in the binocular field. In aquarium 
specimens, “wheel” movements of the eyes 
can often be clearly observed: This move 
ment, obviously carried out by the two 
obliques, suggests that this was the primitive 
function of these muscles. 

Most birds have relatively small, poorly 


developed extrinsic muscles, and the eyes are 


practically immobile, relying upon the flexi- 
bility of the neck ; even the reflex eve move- 
ments may be greatly restricted and replaced 
by reflex neck movements. The amphibians 


are known to perform no eye movements 
other than retraction and elevation. Many of 
the more sluggish lizards have fixed eyes; 
likewise, in snakes, there is little spontaneous 
mobility. 

In the matter of eye movements, mammals 
are at once set off from all other vertebrates 
by the fact that whenever voluntary move- 
ments are possible at all, the two eyes are 
never independent but are always conjugated. 
The eye movements in mammals are always 
most extensive in the plane of greatest 
biologic usefulness, which is usually hori- 


zontal. 
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Spontaneous eye mobility is greatest in the 
higher primates, which alone among mam- 
mals have a fovea; but even here it is sup- 
plemented to a surprising degree by head 
movements. Spontaneous mobility is next 
best developed in the larger carnivores, par 
ticularly the cat and dog families. Voluntary 
eye movement seems best developed in man. 

It is therefore evident in our study of the 
development of the extrinsic muscles in man, 
that environmental influences play an im 
portant role and, because of the c mplex 
environmental needs, a highly complicated 
binocular mechanism is present in which the 
extrinsic muscles are modified to cope with 
the visual requirements. 

This fact appears to be associated with the 
progressively forward position of the eves 
and the development of foveal vision. As 
the eyes come to be placed forward in the 
head, the only way in which panoramic vision 
can be maintained is by greater ocular mobil 
ity. In his binocular development, man’s eyes 
are always conjugated and voluntary eye 
movement seems best developed. As a result 
of this development he must have not only 
a wide field of vision, but also foveal fixation, 
an essential for his field of greatest need, 
namely down-and-in vision. 

3. The anatomic picture scen at the vari- 
ous stages of development of the extrinsic 
muscles, although conforming in a general 
way to the 
features characteristic of the particular stage 


mature stage, showed certain 
of development. 

The series of specimens examined by me 
was selected from a larger group and repre 
sents as near as could be determined 
the following stages of development: 40 
mm., 75 mm., 140 mm., 260 mm., 375 mm., 
450 mm., 500 mm. (birth), two years of age, 
11 vears, and the mature eye. (The measure- 
ments represent the crown-to-heel length. ) 

The at the 40-mm. 


(two and one-half month) for four 


series was started 
stage 
reasons : (1) Embryonic changes previous to 
this have been extensively studied and the 


recent work of Gilbert" * has given us a very 
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complete picture of the early embryonic 
stage ; (2) the development following this 
early embryonic stage has not been com- 
pletely studied and certain gaps in our 
knowledge still exist; (3) it is believed that 
a study of the later development of these 
muscles may reveal some tangible evidence 
of their physiologic and anatomic nature; 
(4) the 40-mm. stage was the earliest stage 
possible to dissect satisfactorily. 

The early specimens were dissected under 
water using magnification. Although certain 
phases of the muscle arrangements (such as 
the muscle insertion) could not be clearly 
determined in the early specimens they re- 
vealed certain data which seem significant. 

The study of the various specimens re- 
vealed the following: 


A. 40 MM. (TWO AND ONE-HALF MONTH) 
SPECIMEN (fig. 1) 


The diameter of the eyeball was one mm. 

The angle between the optic axes was 
about 70 degrees. 

The length of the muscle cone could not 
be determined. The muscles, although pe vorly 
detined, could with care be recognized 
especially at the points of insertion. The 
muscle bodies were pale and had much the 
same appearance as the surrounding tissue 
with which they blended without a sharp 
line of demarcation. The origin third of the 
muscle cone could not be satisfactorily dis- 
sected as it seemed to merge with the sur- 
rounding membranes. The rectus muscles 
were inserted at the equator of the globe and 
the insertion points were fairly well defined. 


Fiz. 1 (Fink). Drawing of a 40-mm. (two and one- 
half month) human specimen. 


Fig. 2 (Fink). Drawing of a 75-mm. (three month ) 
human specimen. 


These muscles were proportionally thick and 
short as compared with the later stages. 

The obliques could be defined but like the 
recti blended with the surrounding tissue. 
Their insertions seemed to blend with the 
adjacent rectus insertion. Their angulation in 
relation to the globe appeared to be between 
40 degrees to 45 degrees. The superior 
oblique tendon was broad in proportion to 
its length as compared with its later develop- 
ment. 


B. 75 MM. (THREE MONTH) SPECIMEN (fig. 


2) 

The diameter of the globe was three mm. 

The angle between the optic axes was 
about 65 degrees. 

The rectus muscles were fairly well de- 
fined and although they merged with the sur- 
rounding tissue they could be readily sepa- 
rated. The muscle cone was about five mm. 
long, and the points of origin of the muscles 
were indefinite although much less so than 
in the previous specimen. The muscle bodies 
were proportionally thicker in comparison to 
their length than found in later specimens. 
The insertions were near the equator and 
could be easily determined. 

The obliques were fairly well defined and 
like the recti merged with the surrounding 
tissues. Their insertions could be accurately 
determined and seemed to blend with the 
adjacent rectus. With careful dissection it 
was evident that the lines of insertion were 
posterior to the rectus insertion. 

The oblique insertions seemed nearer the 
equator than in the adult eye. The angle of 
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Fig. 3 (Fink). Drawing of a 140-mm. (four month ) 
human specimen 


the oblique muscle planes with the anterior 
posterior vertical plane of the eve was about 
45 degrees. 

The reflected portion of the superior ob 
lique was almost round and tendinous in 
appearance, There was an acute angle (30 
degrees) between the two parts of the supe 
rior oblique. 


c. 140 
(fig. 3 ) 


MM. (FOUR MONTIL) SPECIMEN 


The diameter of the globe was six mm. 

The angle between the optic axes was 
about 65 degrees. 

The length of the muscle cone was about 
10 mm. The muscles were somewhat nar- 
rower in proportion to their length than seen 
in the previous specimens. 

The origins of the recti were well detined 
and their insertions encircled the equator of 
the globe. The muscle bodies were sharply 
defined and easily separated from the sur 
rounding tissue. 

The oblique muscle planes made an angle 
of about 45 degrees with the anterior-poste 
rior vertical plane of the globe 

The two parts of the superior oblique 
formed a less acute angle (about 35 degrees ). 
The reflected portion of the superior oblique 
was well defined and cordlike in appearance. 
The 


nite 


oblique insertion showed a more deti 
separation from the adjacent rectus 
and could be more easily traced to its in 


sertion just posterior to the equator, 
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p. 200 MM, (FIVE AND ONE-THIRD MONTIL) 

SPECIMEN (fig. 4) 

The diameter of the globe was 10 mm. 

The angle between the optic axes was 
about 65 degrees. 

The length of the muscle cone was about 
14mm. The muscles were more clearly sepa- 
rated than in the previous specimens and 
were longer and narrower in proportion than 
previously seen. The points of origin were 
more evident. The 
better defined and encircled the globe at 


rectus insertions were 
about the equator. 

The oblique planes made an angle of about 
45 degrees with the anterior-posterior verti 
cal plane of the globe. The superior oblique 
showed an angle of about 45 degrees between 
its two parts. Its reflected tendon was better 
defined and its insertion could be clearly 
made out more posterior to the equator but 
seemingly more anterior than in the mature 
eve. 

The inferior oblique likewise showed a 
more detined insertion and also not so far 


posterior as the adult eve. 


EF. 375 MM. (SEVEN AND ONE-THIRD MONTII ) 


SPECIMEN (fig. 5) 


The 
The 
The 
longer 
specimens. The origins and insertions of the 


diameter of the globe was 13 mm. 

muscle cone was about 18 mm. long. 
muscles were well defined and were 
and narrower than in the previous 


recti were more evident and the insertion end 
of the muscles took on a more definite ten 
dinous appearance. 

The oblique muscle planes made an angle 
of about 45 degrees with the anterior poste 


rior vertical plane of the globe. The superior 


4 (Fink). Drawing of a 260-mm 
one-third month) human specimen, 


(five and 
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Fig. 5 (Fink). Drawing of a 375-mm. (seven and 


one-third month) human specimen 


oblique showed an angle of about 45 degrees 
between its two parts. The superior oblique 
tendon was round and tendinous in appear- 
ance and inserted slightly more posterior to 
the equator than described in the previous 
specimen, 

The inferior oblique insertion was also 
more evident and more pe sterior to the equa 
tor than in the previous specimen. 


Pr. 450 MM. (NINE MONTH) SPECIMEN (fig. 
0) 


The diameter of the eyeball was 15 mm. 

The muscle cone was about 21 mm. long. 

The muscles presented much the same 
picture as previously described except that 
they were somewhat better defined and more 


easily separated from the surrounding tis- 


sue. Also they were proportionally longer, 
less broad, and thinner. The origins and in- 
sertions of the recti were more defined and 
took on more the appearance as seen in the 
mature development. 

The oblique planes were as described in 
the previous specimen and the angle between 
the two portions of the superior oblique was 
less acute (about 50 degrees ). The insertions 


Fig. 6 (Fink). Drawing of a 450-mm 
human specimen 


(nine month) 
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.7 (Fink). Drawing of a 550-mm. (full term) 
human specimen. 


of the obliques were more defined and some- 
what more posterior. 


G. 550 MM, (FULL TERM) SPECIMEN (fig. 7) 


The diameter of the eyeball was 17 mm. 

Length of the muscle cone was about 25 
mm, 

The muscles showed most of the character- 
istics of the mature eve except that they were 
shorter, somewhat thicker, and broader. The 
rectus insertions were near the equator. 

The oblique planes made an angle of about 
45 degrees with the anterior-posterior verti- 
cal plane of the globe. The oblique insertions 
were slightly more posterior than previously 
described and seemingly the same as found 
in mature eyes. 


H. TWO-YEAR-OLD SPECIMEN (fig. 8) 


The diameter of the globe was 20 mm. 

The picture was similar to that described 
in Figure 7, except the muscle cone was 
about 30-mm. long and the muscles were not 
so broad or thick. The line of insertion of 
the recti seemed somewhat more posterior 
to the equator than seen in previous speci- 
mens, apparently due to the proportionately 


8 (Fink). Drawing of a two-year-old 
human specimen. 
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Fig. 9 (Fink). Drawing of an 11-year-old 
human specimen. 


greater expansion of the anterior segment 
of the globe. 

The obliques showed much the same pic- 
ture as described in Figure 7. 
1. 11-YEAR-OLD SPECIMEN (fig. 9) 

The diameter of the globe was 22 mm. 

The muscle development of the specimen 
was, in general, similar to the mature eye 
except that it was proportionally smaller. 
The muscles were somewhat shorter in pro- 
portion to their width than seen in the adult. 


J. ADULT SPECIMEN (fig. 10) 


The muscle development was proportion- 


ally larger than in the previous specimen and 


the muscles were somewhat longer than in 
proportion to their width. 


B. DEVELOPMENTAL FACTORS RELATED TO 
THE ORIGIN AND INSERTION OF THE 
EXTRINSIC MUSCLES 


1. DEVELOPMENT OF THE ORIGIN 


As indicated previously, the point of origin 
of the muscles in the 40 mm. specimen could 
not be determined by dissection even though 
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magnification was used. They were not well 
demarcated and seemed to blend with the 
surrounding membranes. In the 75-mm. 
specimen more evidence of the point of 
origin could be seen but continued to be 
poorly defined. The point of origin became 
increasingly more definite in the later speci- 
mens as previously described. 

In considering the point of origin of the 
ocular muscles in man a broader appreciation 
is gained by studying the origin of the lower 
forms. 

In general, it may be said that in the lower 
forms in which the globe almost completely 
fills the orbital cavity, the rectus muscles 
show extensive line-shaped origins and are 
somewhat separated. In vertebrates with a 
deeper orbit, the muscles arise closer to- 
gether, sometimes from a common origin, In 
the ascending series, as found in animals, we 
find a crowding together of the origins of the 
rectus muscles around the site of entrance of 
the optic nerve, and their relative positions 
remain essentially the same as in the lower 
vertebrates. 

The arrangement of the origin of the ob- 
lique muscles in the various classes of lower 
vertebrates shows but slight variation. They 
arise together from the inner, anterior wall 
of the orbit. In birds, reptile, and fish (figs. 
11 and 12), the superior oblique is the 
counterpart of the inferior. 

In the superior 
greatly lengthened and its origin has moved 
back toward that of the recti. Its sidewise’ 
approach to the 
throughout the backward migration of its 


mammals, oblique is 


eyeball was preserved 


origin by the development of a tough ring 


Fig. 10 (Fink). Drawing shows 
the mature human eye. The muscle 
development was _ proportionally 
larger than in the specimen in 
Figure 9 and the muscles were 
somewhat longer in proportion to 
their width. 
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or pulley, through which it passes. The pulley 
is formed at the old submammalian site of 
attachment of the muscle on the anterior 
nasal orbital wall and serves to retain the 
original direction of action of the muscle. 

A better understanding of the unusual 
arrangement of the origins of the oblique 
muscles is obtained by studying their early 
embryology. 

Gilbert? describes the early embryonic 
development of the oblique muscles as fol- 
lows: The study of a 12-mm. cat embryo 
shows that the medial end of the superior 
oblique anlage lies close to its point of origin 
on the developing orbital wall. 

The distal end of the superior oblique 
anlage has begun to turn and extends to a 
point on the eyeball slightly dorsal and 
caudal to the anterior peripheral condensa- 
tion. The bend in the superior oblique anlage 
marks the point about which the trochlea 
will soon develop. It is significant that the 
distal end of the superior oblique condensa- 
tion has changed its direction before the 
anlage of the trochlea appears. 

In the 50-mm. embryo the developing 
superior oblique can be traced to its insertion 
on the globe adjacent and medial to the 
insertion of the superior rectus. The trochlea 
is first observable in embryos of 15 mm. as a 
investing the the 
superior oblique anlage. 


condensation bend in 


The inferior oblique likewise shows un- 


\ 

ill 


Fig. 11 (Fink). Drawing showing the relation of 
the insertions of the obliques to the adjacent rectus 
in the fish. The obliques originate close together, 
far forward, and share insertion sites with the ad- 
jacent rectus. This arrangement indicates that the 
function of the obliques is to impart compensatory 
reflex wheel-movements to the eyeball in the plane 
of its equator. 


iA 


Fig. 12 (Fink). Vraw.ng showing the relation oj 
the insertions of the obliques to the adjacent rectus 
in the chicken. The insertions of the obliques are 
well forward and blend with the insertion of the 
adjacent rectus. This arrangement produces wheel- 
movements of the eyeball. 


usual early embryonic changes. As described 
by Gilbert, it was originally connected with 
the distal portion of the anlage of the in 
ferior rectus. The connection between the 
inferior rectus and inferior oblique anlagen 
becomes in older embryos increasingly more 
tenuous, the two being connected in embryos 
of 12 mm. by a slender cord of cells. By 12.5- 
mm, stage, the two anlagen are entirely sepa- 
rated and from the point of junction with the 
inferior rectus, the inferior oblique grows in 


two directions—cranioventrally and caudo- 


dorsally. By 


26 mm., the cranioventrally 
directed extremity has reached its point of 
attachment to the orbital the 
maxilla, and the caudodorsal extremity has 


inserted on the sclera adjacent and medial to 


surface of 


the insertion of the lateral rectus. 
2. DEVELOPMENT OF THE INSERTION 


the rectus muscles as 


found in the series of specimens examined 


The insertion of 


has been considered in the previous section. 
In general in the early stages the position 
of the insertions was very near the equator 
of the globe. However, in the 500-mm. 
specimen, there was a tendency for the seg- 
ment of the globe anterior to the insertion 
of the muscles to become proportionally 
larger than the posterior segment and cause 
the line of insertion of the muscles to be 
slightly posterior to the equator. 

This tendency was most evident in the 
two-year-old specimen but in the 11-year 
specimen the various points of insertion 
returned to a position near the equator of 
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Fig. 13 (Fink). Drawing showimg the relation 
of the insertions of the obliques to the adjacent 
rectus in the rablit. The oblique insertions are far 
forward and blend with the adjacent rectus 
the globe due to the growth of the posterior 
segment of the globe. 

The arrangements of the oblique inser- 
tions as found in the various specimens 
have been described in a previous section. 
They conform to a definite pattern through- 
out the series. In the first three specimens the 
superior oblique insertion seemed to blend 
with the superior rectus insertion, and 
seemed more anterior than was observed in 
the later specimens. This may have been 
more apparent than real because of the 
poorly defined state of the tissues. 

In the 140-mm. the imsertion 


was more definitely defined and could be seen 


specimen, 


posterior to the rectus insertion, This poste 
rior position was increasingly evident im 
the later specimens and the 3500-mm. 
specimen the superior oblique insertion 
seemed to have almost reached the position 
on the globe as found in the more mature 
specimens. 

The position of the insertion of the in- 
ferior oblique seemed more defined even in 
the early specimens. The position of the 
insertion in the two early specimens seemed 
to blend with the adjacent rectus and the 
insertion was indefinite. In later specimens 
the insertion was posterior to the rectus 
insertion and changed but little in its position 
during the later developmental process ex- 
cept for a progressive backward shift. The 
two-year and the 11-year specimens showed 
the inferior oblique msertion in practically 
the same relationship as seen in the mature 
specimen, 

The most impressive evidence of the influ 
ence of environment on the development of 
the extrinsic muscles is found in a compari 
son of the insertion of the oblique muscles 


as found in the various species. 


Fig. 14 (Fink). Drawing showing the relation of the insertions of the obliques to the adjacent rectus 
in the ox. The oblique muscles originate more posterior than in the rabbit, and are inserted nearer the 
equator of the globe. The oblique muscles are hypertrophied in herbivora, because the continual up and 
down movements of the head necessitate corresponding clockwise and counterclockwise rotation of the 


eyes. 
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In the lower vertebrates, where the ob 


liques originate close together, they share in- 


sertion sites with the adjacent rectus muscle 


and the insertion is anterior to the equator. 
This arrangement indicates that the orginal 
function of the obliques was to impart com 
pensatory reflex wheel movements to the 
eveball in the plane of its equator 

In the fish and chicken (figs. 11 and 12) 
the insertion of the obliques is well forward. 
In higher vertebrates in which the origin of 
the superior oblique has the same general 
arrangement as in man, the oblique muscles 
are also inserted near the 
superior and lateral rectus muscles. 

In the rabbit the insertions (fig. 13) are 
farthest forward of the mammals examined. 
In the ox, dog, and pig (figs. 14, 15, and 16), 
the oblique muscles are inserted slightly more 
posteriorly on the globe. In the monkey (fig. 
17), the oblique muscles are inserted poste- 
rior to the equator and closely resemble the 


position as found in the human oblique 


muscles. 


Drawing show 


Fig. 16 (Fink) 
ing the relation of the insertions 

the obliques to the adjacent rectus 
in the pig. In the pig the 
muscles are placed anterior to the 


oblique 


equator and are much the same as 


in the dog 
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tendon of the’ 


Fig. 15 (Fink). Drawing showing 
the relation of the obliques to the 
adjacent rectus in the dog. The 

j oblique muscles originate more an 

terior than in the ox. The horizontal 

muscles are hypertrophied in carm 
which the predominant 


4 
| vora in 
4 a movements are sidewise. The ob- 
| j liques show less vertical function 


and greater rotation action 


The relation of the insertion of the ob- 
liques to the superior and inferior recti is of 
interest. In the various species the two ob- 
liques cross the recti, sometimes between 
them and the globe, sometimes outside them. 
In man, the superior oblique passes inside, 
the inferior outside, the corresponding rectus. 
In fish both obliques are outside. In birds, 
in elephants and chimpanzee, the inferior 
oblique is outside; but in other mammals tt 
is usually inside. In the tiger, the obliques 
split to enclose the rectus; in the lion and 
the tortoise, the superior rectus pierces the 
superior oblique, and the inferior oblique 


pierces the inferior rectus. 


C. DEVELOPMENTAL FACTERS RELATED TO 


THE POSITION OF TILE EYI 


According to Mann’ up to the seven-mm. 
stage, there 1s no angle between the optic 
axes in man, both optic stalks Iving im the 
same straight line. As the maxillary process 
increases in size, Its me soderm begins to ex- 


tend not only forward but also upward be- 
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Fig. 17 (Fink). Drawing showing the relation of 
the insertions of the obliques to the adjacent rectus 
in the monkey. The oblique muscles are inserted in 
the posterior lateral quadrant of the globe and make 
an angle with the anterior-posterior plane of the 
globe of about 45 degrees. The function is pre 
dominantly elevation and depression with rotation 
and abduction present to a moderate degree. 


hind the eye. This is associated with an in- 
crease in width of the skull base in this re- 
gion, and, with a secondary movement of 
the eye forward and inward, the angle be- 
tween the optic axes becomes apparent. 

This angle then steadily decreases from 
160 degrees at nine mm. to 72 degrees at 40 
mm. After this stage, the process is continued 
for a short time at a rapidly decreasing rate ; 
the final angle between the optic axes is 
usually in the neighborhood of 60 degrees. 

The orbital development is closely related 
with the development of the optic axes. The 
forward extension of the maxillary process 
is associated with a swinging forward of the 
axes of the orbits, and follows the visual 
axes of the eyes quite closely. Stabilization 
of the orbital position is reached at about 45 
degrees. 

It is interesting in this connection to study 
the changes in position of the eyes of the 
lower forms. In vertebrates lower in the scale 
than mammals, the eves are laterally placed 
and the fields of vision do not overlap. In 
some, however, a change takes place in the 
optic axes as in the case of certain of the 
birds (notably owls) in which the eyes look 
more forward and there is the possibility of a 
certain amount of binocular vision. 

Among the mammals the position of the 
eyes varies. The noncarnivora such as the 
rabbit, ox, and sheep have the eyes laterally 
placed. The first definite displacement of the 


eyes from their primitive position at the 
sides of the head appears in the carnivora, in 
which the eyes look straight forward and the 
fields of vision overlap. This is seen in such 
animals as the dog, cat, and monkey. 

The development of the maxillary process 
and the swinging round of the eyes in the 
higher mammals may both be regarded as 
correlated with the increasing size and com- 
plexity of the central nervous system. We 
have, therefore, with this widening of the 
brain in mammals, a decreasing angle be- 
tween the optic axes thus making possible 
binocular vision. 

As in the lower forms, the position of the 
eyes in man influences the development of 
the extrinsic muscles. In the process of de- 
velopment, the eyes of man and monkey 
change their position more than any other 
form. However, in the examination of this 
group of human specimens the relation of the 
muscle planes to the anterior-posterior plane 
of the globe showed a surprisingly small 
variation and, generally speaking, retained a 
fairly constant relationship. This was true 
even in the very early specimens where the 
position of the eves showed the greatest de- 
gree of change in relation to the surrounding 
structures. 

As was the case of the recti, the obliques 
showed comparatively little variation of the 
line of action of the oblique planes in their 
relation to the anterior-posterior plane of the 
globe. In the various specimens examined 
the oblique muscle planes seemed to vary but 
little in and 
formed an angle of about 45 degrees with the 


their relation to each other 
anterior-posterior vertical plane of the eve. 
However, in the 40-mm. specimen, the angle 
of the oblique planes was difficult to deter 
min because of the immature state of the 
tissues. 

The angle formed by the proximal and 
distal portions of the superior oblique at the 
trochlea (trochlear angle) is of interest. 
According to Gilbert? in embryos of 17 mm. 
the angle is obtuse, but subsequently becomes 
less and less so until, in embryos of 50 mm., 
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the trochlear angle appears to be acute. This 
increase in the acuteness of the trochlear 
angle during later development may be the 
result of the forward shifting of that portion 
of the frontal bone to which the trochlea is 
attached. 

ln the 75-mm. and 140-mm. specimens 
examined by me, the trochlear angle was 
about 35 degrees. The 260-mm. specimen 
showed an increase in the angle to be about 
40 degrees. The angle gradually increased 
and at birth (550 mm.) the angle was about 
55 degrees which is practically the same as 
in the mature eye. 

The variation in the trochlear angle in 
animals is of interest. Poole‘ measured the 
angle between the two parts of the superior 
oblique before and after passing through the 
trochlea. His findings are as follows: 


BETWEEN PARTS OF 
SUPERIOR OBLIQUE 


ANGLI Two 
(degrees ) 


Bullock . 100 
Rabbit . 5» 
Pig . 
Cat 
Monkey . 36 


CoM MENTS 

From the series of specimens considered 
in the preceding pages, certain data are ob 
tained concerning the development of the 
extrinsic muscles of man which may be of 
value in furthering our knowledge relating 
to the anatomy and physiology of these 
muscles. 

These factors seem evident: 

1. Even at the earliest stages of develop- 
ment the arrangement of the extrinsic mus 
cles in relation to the eyeball is, generally 
speaking, much the same as in the adult. 

2. A comparison of the planes of action of 
the extrinsic muscles in the various periods 
of development shows a fairly uniform rela- 
tionship between the planes of the muscles 
and the anteroposterior vertical plane of the 


eyeball. This constant relationship between 
the globe and the muscle planes was espe- 


cially evident in the arrangement of the ob- 
lique muscles and was seen in even the earli- 
est specimens. The planes of the superior 
and inferior oblique muscles were quite 
similar to each other and formed an angle of 
about 45 degrees with the anterior-posterior 
vertical plane of the globe. 

It is possible that this anatomic factor, in 
conjunction with the innervational influence, 
tends to create a stability of the vertical 
mechanism. Such stability of the vertical 
mechanism permits a flexibility of its hori- 
zontal component and makes possible the 
complex integrated action of the vertical 
mechanism. 

3. The angle formed by the muscular por- 
tion of the superior oblique and its tendon 
varied. This variable angle is apparently due 
to the variable position of the eyeball in its 
relation to the growth of the brain. 

4. The 


pecially evident in the oblique muscle de- 


influence of environment is es- 


velopment. 

In the lower vertebrates, the insertions of 
the obliques were in all cases more anterior 
to the equator of the globe, and in certain 
species were so far forward that they blended 
with the insertion of the adjacent rectus 
muscles. This forward position of the inser- 
tion indicates that their function is rotation 
and adduction and this action is in propor- 
tion to the amount the insertion of the ob- 
lique is anterior to the equator of the globe. 

In man and monkey the insertion of the 
obliques are in the posterior lateral quadrant 
of the globe. The obliques act predominantly 
to elevate or depress the eve, and to a less 
degree to abduct and rotate it when in eyes 
front position. 

5. This study emphasizes that the superior 
oblique in man is a highly specialized muscle 
adapted to our mode of life, whereas the in 
ferior oblique muscle resembles closely the 
muscle of the lower vertebrates and performs 
a minor role in man as compared to the 
superior oblique. In addition to counter 
mechanical action of the 
oblique, the 


balancing the 


powerful inferior superior 
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oblique has the capacity for highly special- 
ized functions made possible by the long 
intricately developed tendon. Because of his 
erect position and the need for a wide lati 
tude in the flexible field of foveal vision in 
which downward gaze predominates, man 
has acquired a muscle which permits such 
activities. 
CONCLUSION 

This presentation is based upon a study of 
a series of human specimens in which the 
of the 


extrinsic muscles are noted. The specimens 


successive stages development of 
studied cover the period from the 40 mm. 
stage to maturity. 

Gilbert's! 
just been completed, has added appreciably 


monumental work, which has 
to our knowledge of the very early em- 
bryonic extrinsic muscle changes man. 
The present study begins where Gilbert's 
study (early embryologic period) stopped, 
and carries the development to maturity ; 
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thus ce mpleting the entire period of develop- 
ment of the extrinsic muscles in man. 

Because of the state of uncertainty which 
exists concerning the later development of 
the extrinsic muscles, various pertinent facts 
are assembled concerning this phase of their 
development, some of which are known and 
some of which have been determined in this 
study. 

Such a presentation is not all inclusive 
but rather a step toward the completed pic 
ture, and many wide gaps in our knowledge 
concerning extrinsic muscle development will 
remain, It is hoped, however, that this study 
will assist in clarifying some of the more 
obscure phases of extrinsic muscle develop- 
ment and bridge over certain gaps in our 
knowledge of the anatomy and physiology 
of the extrinsic muscle which may provide 
answers to some of the controversial clinical 


problems. 


Medical Arts Building (2) 


REFERENCES 


1. Gilbert, PL W 
Morph., 81:155-182 (July) 1947 
Mann, Ida ¢ 
264 
} Poole, F Ss J 


pp 
Anat. & Phys., 39 :154-160, 1905 


1. Morph., 90:149-188 (Jan.) 1952 


The Development of the Human Ey« 


London, Cambridge University Press, 1928, 


DIscUSSION 


Leon S. Srone (New Haven, Connecticut) 


interested in this subject and its 


De 
| am much 
relation to the well-known fact that the embryonic 
For example, one 


very 
eve induces the muscles to form 
can control the size and position of the muscles by 
exchanging eyes between two amphibian embryos, 
ot small eve and the other 
a very large one. By placing a large eve in a small 
animal the developing ocular muscles become almost 
the control side 


one which has a very 


twice as large as those on 

Furthermore, if one compares the eves exchanged 
between the small and the large hosts, there is a 
very definite demonstration that not only does the 
large embryonic eve induce the mesenchyme of the 
muscles, but 
the 
uumal will be accompanied by smaller mus 
that host 


I have always felt that there were many opportu 


very large 


the 


smaller animal to 


in the 


produce 


reverse experiment smaller eve on 


larger 
cles than on the opposite control side of 
examine further the influence of the eve on 
and their 


\ good analy 


tities to 


the development of the ocular muscles 


positions by this kind of experiment 


could be made in this field which ts not yet 


sis 
widely explored 
Dr. Warrek H. Fink: In my completed paper | 
have stressed environmental influence, since it plays 
a very important role. As Dr. Stone has pointed out 
and as I have also indicated in my paper, this en 
vironmental factor ts very important im determining 
individual development. For example, certain species, 
such as the bird with its large eves, has a poorly 
developed ocular musculature which is a 
part of that man. This resulted 
fact that the bird not his 
scrutinizes the field of vision by moving 


counter 
the 
but 


has trom 


rotate 


ot 
does eves 
his neck 
instead 

The influence 
pronounced and follows 


environment om man ois) vers 


a very definite pattern of 


development determined for his environmental cor 
ditions 
De Loranp \ JouNsON (Cleveland, 


Dr. Fink is to be congratulated on this fine paper 
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One thing | want to point out is that anyone who 
has looked carefully at the insertion of the superior 
oblique when it seemed to be paretic Cat the time of 
a shortening or advancement operation) has noticed 
that there are times when the superior oblique comes 
up, remains attached and adherent to the superior 
rectus at this point, and then runs backward to tts 
insertion. That is the thing that has always seemed 
curious to me—why this muscle could come so far 
forward to be adherent. In an article | published on 
this subject two vears ago, I called that finding “with 
the superior oblique carried forward.” Obviously | 
must make a correction—it has not been carried 
forward; it has simply grown to this position, 
stayed there, and continued hack 
The defect, of course, is obvious 
superior oblique acting as the depressor, its insertion 
the superior rectus and, 
If anything, 


Instead of the 
is up at the insertion of 
as a result, it cannot depress the eye 
it would act to elevate the eye further 

| am sure all of you who have separated those 
adhesions at that point, and have allowed the su 
perior oblique to fall back so that its insertion can 
be normal, have found that those patients have had 
normal depression without any shortening pro 
cedure on the muscle 


Dr. FINK 
contribution to our knowledge of superior oblique 
anatomy when he published his work on abnormal 
development of the fascial sheath of the superior 
oblique muscle. Although our present knowledge of 
develop- 


Dr. Johnson made a very significant 


abnormal fascial superior oblique sheath 
ment is incomplete, it is evident that such conditions 
are present in a certain number of cases. Such data 
are difficult to obtain because postmortem changes 
alter the picture appreciably 

In a series of cases discussed in my paper, the 
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fascial fusion between the superior oblique tendon 
was very definite and, m the earher specimens, 1 
fused. A 
this 


appeared that the two were imtimately 
study of the later 
fusion and more flexibility of union 

It seems to me that abnormal sheath development 
could very easily occur with a deviation in the nor- 
mal resulting in abnormal adhesions be- 


tween the tendons of the two extrinsic muscles. 


shows lessening of 


stages 


process 


Dr. HerMaNN M. Beurian (lowa City, lowa): 
[)r. Fink’s thesis is that there is a very stable de- 
velopment of the oblique muscles which, in his 
opinion, speaks for a physiologic stability or stabil- 
ity of action. This he believes to be desirable and 
he also thinks that the horizontally acting muscles 
require greater pliability for proper functioning 

| wonder whether Dr. Fink could tell us why he 
considers the obliques to be more stable in their 
development than the horizontal muscles. Isn't it 
possible that the greater stability of the vertical 
mechanism as compared with the horizontal mecha- 
nism—if such a difference really exists—is due to 
the differences in the innervation of the various 
muscles in the normal use of the eve? 


Dk. Fink: My presentation today is an effort to 
add to our fund of knowledge concerning the stabil 
ity of the vertical muscles and the data presented 
in my paper demonstrate a very definite pattern of 
development from the early onset of embryonic life. 
This seems to suggest that nature has provided for 
the complex action of the vertical muscles by estab 
lishing from the earliest onset a very stable pattern 
One can possibly conclude that any disruption ot 
this stable pattern would explain the marked dis 
a paresis of one of the 


turbance which results in 


vertical muscles 


CHANNELS IN THE HUMAN LENS CAPSULE AND THEIR 
RELATIONSHIP TO SENILE CATARACT 


Rospert HuGH Monanwan, M.D.* 
Saint Paul, Minnesota 


INTRODUCTION 


Since the late 19th century, both ophthal- 
mologists and anatomists have sought to 
explain the behavior of the lens capsule. 
Described as a homogeneous structureless 
membrane, its permeability is that of a finely 
regulated sieve, permitting the passage of 
substances of small molecular size and block- 
ing those whose particle size approaches the 
visible range. 

The present study will demonstrate that 
this hitherto unexplained permeability exists 
because of a complex system of channels 
which course through the periphery of the 
lens capsule, permitting the entrance of 
modified aqueous into the lens. 

Until one is aware of the nature of these 
channels, one tends to doubt that a structure 
as complex as this could have been in exist- 
ence for these many centuries without previ- 
ously having been described. However, a 
complete description would have been im- 


possible without the development of the 


phase-contrast microscope. 

The channels are so small and their index 
of refraction so similar to that of the sur- 
rounding lens capsule that their detection ts 
close to impossible with the ordinary light 
microscope. Rarely, a routine slide of the 
lens demonstrates the defects at the periphery 
sufficiently to suggest that internal structure 
is present in the lens capsule but, even then, 
the relatively gross optical sections made by 
the ordinary light microscope make it diff- 


* Formerly a fellow in pathology, Massachusetts 
Eye and Ear Infirmary, and teaching fellow in 
ophthalmology, the Harvard Medical School. 

I wish to express my sincere thanks to Dr. Parker 
Heath, director of the Eye Pathology Laboratory, 
Massachusetts Eye and Ear Infirmary, under whose 
direction this problem was studied, for his counsel 
and encouragement. The instruments were provided 
by the Kresge Eye Pathology Fund. 
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cult to locate the level of the structure being 
examined within the capsule. 

Time prevents describing completely the 
phase-contrast method. Since its discovery 
by Zernike in 1934, it has been developed 
so rapidly that, since World War II, it has 
become an accepted method of tissue ex 
amination. 

Several differences exist between the 
phase-contrast microscope and the ordinary 
light microscope (to which we are more 
it 
which make it possible to see the lens capsule 


accustomed); and is these differences 
channels. 

The main advantage of the phase-contrast 
microscope is its ability to convert phase 
differences into intensity differences, thus 
making apparent structures which usually 
are transparent. Other advantages of the 
phase-contrast instrument are its more accu 
rate definition at the focus, the 
thinner optical sections, and its increasing 


critical 


accuracy as dissimilar points approach each 
other in similarity, Each of these differences 
offers advantage in the study of transparent 
together they 
for the 


structures; and considered 
make the instrument an ideal tool 


study of the lens capsule. 


DeSCRIPTION LENS CAPSULE 


The lens capsule usually is described as a 
thin, transparent, homogeneous, structure- 
less, firm elastic membrane. Despite the fact 
that this is the standard description in the 
literature, there have been suggestions that 
it is not structureless and not homogeneous. 
Becker, Schirmer, and Berger all did diges- 
tion experiments on the lens capsule in the 
19th century. They noted that nitric acid 
or potassium permanganate caused the cap 
sule to swell and dissolve but, before dissoly 


ing, it broke up into zigzag steps. 
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These steps suggested that the equator is 
not homogeneous and led to the description 
of the capsule as a laminated structure, but 
the reason for the steps in the capsule proper 
never has been explained. It now appears 
that the lens-capsule channels cause areas 
and planes of relative weakness in the cap- 
sule which give away during digestion and 
teasing to produce the laminated appearance. 

Another unusual reaction during digestion 
is the tendency for the capsule to dissolve 
first on the inner side and from there out- 
ward. This in itself almost could be consid 
ered proof that defects are present, but the 
failure to demonstrate the defects has caused 
this information to be shelved with other 
interesting but unexplained phenomena, The 
fact that the lens capsule channels give free 
access to the inner surface now explains why 
acid can pass through the capsule to dissolve 
it from the inner surface before it dissolves 
the more resistant outer surface. 

For a long time the permeability character 
istics of the lens capsule have been known 
to be consistent with a membrane in which 
there are relatively gross defects. It is freely 
permeable to water, electrolytes, alcohol, 
and a large number of substances such as 
dyes of fairly large molecular size. However, 
in the range of very large particles, those 
whose size is just below the limits of resolu- 
tion of the microscope, there is a sudden 
drop in permeability. 

Substances to which the capsule has limi- 
ted permeability are vital red, hemoglobin, 
egg albumen, stilbene blue, and erie violet. 
The last two have a positive charge which 
tends to delay their passage through the 
negatively charged capsule. The still larger 


particles of Congo red, colloidal iron, night 
ink 


through the membrane. This filtering effect 


blue, and India are unable to pass 
led Friedenwald to search for pores in the 
capsule, which he finally concluded must be 
submicroscopic. 

Dr. Parker Heath has a large number of 
sections from an eye into which India ink 


was injected prior to enucleation. These 


slides present a jet-black anterior chamber, 
posterior chamber, and zonular region. By 
contrast the lens remains perfectly clear. 
Even though the phase microscope shows 
that there are patent channels in the capsule, 
the size of the particles is too large to gain 


access to the lens tissue. 


METHOD OF EXAMINATION 


The method of examination proved to be 
rather time consuming. The channels first 
were observed in the equatorial zone of the 
capsule. Before they were seen, the area had 
been examined with the * 20, and * 43 
(NA 0.25, 0.50, and 0.66, respectively ) ob 
jectives with ordinary light microscopy, and 
with dark contrast-medium phase at. all 
powers. 

When the microscope was changed to the 
<97 oil immersion (NA 1.25), the 
capsule © still structureless 
homogeneous. However, with the introduc- 
tion of the annular diaphragm, permitting 
the use of the dark medium-phase contrast 
objective, the lens capsule was seen to be 
filled with minute linear streaks. Subsequent 


lens 


appeared and 


examination showed that linear streaks may 
also be seen easily with the bright high con- 
trast, bright low contrast, and B-minus low 
contrast, oil immersion objectives. For rou- 
tine examination the dark M_ proved of 
greatest value. 

Several thousand sections, representing 
several hundred specimens, were examined 
before the exact details of the capsule were 
worked out. At the same time, operative 
specimens were examined to determine the 
presence of channels in fresh lenses. Follow 
ing this, a series of normal human eyes ob- 
tained from the Boston Eye Bank was ex- 
animal 
on the 
in the 


amined and compared with various 
eyes. Finally, animal work was done 
experimental production of cataract 
light of the knowledge gained. 


ANATOMIC ENTITIES 
After the optical defects in the capsule 
were found, the first problem was to prove 
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their existence as anatomic entities. For the 
purpose of the experiment, it was first as- 
sumed that they were artefacts. However, 
each attempt to reproduce them by arte- 
factual failed. The 
some of the indications that the lens capsule 


means following are 
channels are anatomic entities and not arte- 
facts: 

1. They have a definite and constant loca- 
tion in the lens capsule. 

2. They are present in the same direction 
relative to the lens axis despite any change 
in the direction of the microtome cut. Speci- 
mens examined from eyes cut horizontally, 
sagittally, coronally, and at various oblique 
angles all demonstrate their constant posi- 
tion. 

3. Lenses mounted in nitrocellulose or in 
celloidin show the channels well. They have 
been seen in paraffin sections but the distor- 
tion from shrinkage makes this an unsatis- 
factory method for examination. 

4. Teased specimens show that the defects 
are not stress lines, a possibility that was 
considered early in the examination. 

5. Their occasional appearance with ordi- 


nary light microscopy proves them not to be 


a defect introduced by the phase-contrast 
method. 

6. They have the appearance of channels. 

7. They can be filled with stains. 

&. They possess branches. 

9, Selective examination with the various 
phase-contrast objectives show them to be of 
lower optical density than the surrounding 
lens capsule. 

10. Various areas in the capsule maintain 
a constant relationship to each other, even 
when the capsule is broken and very tortu- 
ous. 

11. They explain the selective permeability 
of the lens capsule and some of its actions 
in pathologic conditions. 


Size OF CHANNELS 


The next aspect of the problem to be con 
sidered is the size of the channels. The larg 


est visible channels are about 0.5 microns 
in diameter. The smallest visible channels are 
at the limit of resolution of the microse« ype or 
slightly under 0.2 microns. However, some 
of the physiologic actions of the capsule sug- 
gest that there are channels below the visible 
range. 

The term “channel” rather than “pore” ts 
used advisedly. Webster states that a channel 
is ‘a closed course or conduit through which 
anything flows.” This seems much more ac- 
curate in describing these structures than 
the word “pore” which is a minute opening. 
If the term “pore” is to be used at all in this 
description, it probably should be reserved to 
describe one of the openings of the channels 
where they communicate with the posterior 
aqueous chamber. 

In contrast to the usual description 
given of the lens capsule, the following dif- 
ferences are believed to exist. It is not lami- 
nated, and it is not structureless. The capsule 
contains channels, and it is the location of the 
different types of channels that divides the 
lens capsule into its various zones. 

In the following description of the zones 
of the lens capsule with its channels one must 
keep in mind that we are dealing with a three 
dimensional object, a hollow spheroid. The 
point where the axis of the lens joins the 

that ts, 
starting point of the deserip- 


anterior surface the anterior pole 
is used as the 
tion. 

Surrounding this point on the anterior 
surface for a distance of approximately three 
mm. in all directions, the lens capsule ts clear 
and devoid of channels. This is the alpha 
cone. At this distance (three mm.) from the 
anterior pole, there appear channels of very 
fine dimension (just within the limits of 
resolution of the phase microscope ). 

The channels enter the capsule at an angle 
of 15 to 20 degrees and course toward the 
equator of the capsule in a direction. that 
would appear radial to the anterior pole when 
viewed from the front, This area, in which 


the channels enter the surface and are 
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parallel to each other but oblique to the sur- 
face and in which they do not occupy the en 
tire thickness of the capsule, is designated as 
the eta sone 

still farther to- 


ward the equator they come to occupy the 


As the channels course 


entire thickness of the capsule. They are still 
fine in dimension and remain parallel to each 
other. This is the gana sone 

Progressing still more equatorially 
channels enter the delta sone. Here they are 
in their most interesting state. The channels 
become curled, twisted, branched, and tortu- 
Other Yy shaped 


branches and extend back toward the equator. 


ous. channels — possess 
Some of them became perpendicular to the 
inner surface of the capsule and open into 
the potential spaces between the epithelial 
cells. 


At the equator, in the epsilon 


cone, the 
channels are again parallel to each other and 
to the surface. In this region they are not 
branched and appear to be simple tubules 
in the capsule. In this zone the channels are 
at their largest diameter. In fact, here they 
are so large that their shadows sometimes 
may be seen with ordinary light microscopy. 

Undoubtedly it was this system of parallel 
shadows in the equatorial portion of the 
capsule that led the early ophthalmic anato 
mists to believe that the capsule is laminated. 
Because they are larger here, it is inthe 
epsilon zone that the channels are most easily 
seen even though they are usually much less 
numerous than in the beta, gamma, or delta 
zones. 

Even in the epsilon zone there is no visible 
structure to the walls of the channels, As 
one examines the epsilon zone more poste- 
riorly the channels become less numerous. 
They stop at the point where the capsule ts 
no longer adjacent to the cuboidal epithelium 
although rarely an odd channel can be seen 
extending slightly beyond this point. 

Consequently, the end of the epithelium 
marks the limit between the epsilon and zeta 


zones. As seen with the current phase-con- 


cone like the alpha 


trast instrument, the seta 
zone is clear, homogeneous, structureless, 
and contains no visible channels. The zeta 
zone is by far the largest since it occupies 
the entire posterior pole and extends almost 
to the equator, It differs from the alpha zone 
in that it is thinner and is not adjacent to 
cuboidal epithelium. 

The size of the zones is somewhat vari 
able. The discuslike alpha zone is the most 
constant in size and measures about three 
mm. in radius or about six mm, in diameter. 
The zeta zone is also dise-shaped and occu 
pies almost all of the posterior aspect of the 
lens, consequently its diameter is approxi 
mately nine mm. The other zones are not 
dises but instead ribbons extending around 
the spheroidal lens near its equator. 

Because the zonular fibers attach in the 
region of the gamma and delta Zones an- 
teriorly and to the zeta zone posteriorly, the 
lens capsule is raised in irregular dentations 
which make exact measurement impossible. 
However, it should be noted that the com- 
bined width of the beta, gamma, delta, and 
epsilon zones (the ribbon zones) is about 1.5 


min. 


AGE DISTRIBUTION OF CHANNELS 


One variation seen in the capsule is that 
encountered with variation of the patient's 
age. The equatorial channels are not seen in 
the fetus, newborn, or child. The youngest 
patient in our series whose specimen con 
tains visible equatorial channels is that of a 
13-year-old boy, However, a few newborn 
eves showed minute defects in the alpha zone 
where there are no channels in the adult. 
During young adult life the channels appear 
to be present unless there is a pathologic 
condition of the lens. As a rule after the age 
of 60 years, the channels become less numer- 
ous. 

Because specimens of children’s eyes are 
less common than those of older patients, 


it is suggested that further studies be made 
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before final conclusions are drawn as to the 
exact age distribution of visible channels. 


PREPARATION OF SPECIMENS 

The type of fixation of the specimen does 
not appear to affect the channels. Eyes have 
been examined that were fixed in formalin, 
Kolmer’s, and Bouin's solutions. No differ- 
ence in the channels was noted. 

The type of mount, however, is important. 
Specimens mounted in celloidin and _nitro- 
the clearly. In 
paraftin, the capsule channels are difficult to 


cellulose show channels 
demonstrate. However, when one considers 
the amount of that 


paraffin technique it is understandable that 


distortion occurs in 
minute channels close to the limits of resolu 
tion of the microscope can be destroyed by 
this method. Another possibility is that the 
semiopaque paraffin interfers with the trans- 
mission of light enough to require a different 
phase system. 

No matter what the cause, lens capsule 
channels have been found in paraffin sections 
only in exceptionally well-prepared speci 
mens, and then with difficulty. 

The dyes used are not of any great signi 
ficance in demonstrating channels. The lens 
capsule channels are seen easily in unstained 
specimens. They are seen as easily with the 
routine hematoxylin and eosin and with Dr. 
Verhoeft’s 
specimens are more abundant and because 


elastic stain. Because stained 
the focusing on a specific area is facilitated 
by the use of stained sections, most of the 
slides examined were those prepared with 


hematoxylin-eosin stains. 


PATHOLOGIC CONDITIONS 


One variation that has a marked effect on 
the finding of channels in the lens capsule is 
a pathologic process in the lens itself. The 
first few 
obtained from the operating room following 


fresh specimens examined were 


intracapsular cataract extraction and none 
of them demonstrated channels. 

It soon became apparent that there is a 
close direct correlation between the presence 


of channels and the state of the lens tissue. 
In a lens with mature cataract, they are ab- 
sent; in a lens with immature cataract, they 
are diminished. This correlation is so close 
that, in some lenses, one can find a dimin- 
ished number of channels associated with 
cortical changes on one side of a specimen 
although the opposite side presents well-de 
fined channels and a normal cortex. 


ANIMAL EYES 


Animal eves present still another problem. 
To date, the eves of cats, dogs, sheep, cows, 
rabbits, guinea pigs, monkeys, and rats have 
been examined without finding visible chan- 
nels. However, experimental work points to 
their presence in animals even though they 
cannot be seen. 

The differences in permeability between 
the various species are not great enough to 
account for a channel system in the adult 
man and a closed membrane system in chil- 
dren and in animals. This suggests that sub 
microscopic channels also exist. In fact we 
have produced cataracts in animals by ob 
structing the channels even though they can 
not be seen. 

Following the method of Friedenwald, 
the animals were subjected to a series of 
eosin and gentian violet injections into the 
vitreous cavity. Either dye injected alone on 
three successive days diffuses through the 
vitreous, the lens, and the The 
discolored temporarily but no 


aqueous. 
media are 
serious injury is done. However, when either 
dye is injected for two days and on the third 
day the other is given, a cataract results. 
Undoubtedly this occurs because of the 
heavy precipitate of large micellae which a 
mixture of these dyes produces. If the dyes 
are mixed and injected together, the particles 
are too large to enter the lens but, when given 


‘alternately, it appears that the precipitate 


forms within the submicroscopic channels. 


CONCLUSIONS 


Considering the nature of the channels, 
their absence in lenses with mature cataract, 
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their diminished number in lenses with de- 
veloping cataract, and the experimental work 
in the production of cataract, it appears obvi- 
ous that we have at hand the explanation of 
the cause of cataract in its most important 
form—the senile cataract. 

The gradual loss of the channels with age 
and the constant relationship between ab- 
sence of channels and presence of cataract 


appears to demonstrate that the cause of 


senile cataract is the loss of metabolic ex 
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change in the lens brought about by the 
closure of the lens-capsule channels. 
Several other forms of lens change—that 
is, complicated cataract, sunflower cataract, 
siderosis, radiant energy cataract, exfoliation 
of the lens capsule with glaucoma capsulare, 
and the Vossius-ring phenomenon—all ap- 
pear to be related to the lens-capsule chan 
nels and will be discussed in another paper. 
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DisCUSSION 


Dr. Davin G. CoGan (Boston): There is no 
doubt that Dr. Monahan’s slides and pictures showed 
something in the human lens that may well be con- 
cerned with metabolic function. 

I know Dr. Monahan will be the first to admit, 
however, that there is only inferential evidence that 
he is able to block the channels with his dyes. I am 
sure Dr. Monahan would welcome any suggestions 
as to how he might further prove or disprove his 


thesis. 


Dr. ZacHARIAS Discue (New York): I wonder 
whether Dr. Monahan considered the possibility 
that in the senile cataract he has also submicroscopic 
channels. I have certain difficulty understanding why 
in children and in animals these channels, in spite 
of their very submicroscopic size, would not inter- 
fere with the proper exchange of the nutrients, and 
only in the adult man this should be the case. | 
have difficulty understanding that. 


Monanan: believe very firmly that there 
are submicroscopic channels. | think a channel sys 
tem undoubtedly exists in animals and also in chil 
dren, but them 
1 can demonstrate adult 


human, and I think the evidence is all in favor ot 


unfortunately | can’t demonstrate 


them very easily in the 
there being submicroscopic channels 

As Dr. Cogan pointed out, we can’t prove that 
until we see them—and we can't see them. They 
are definitely submicroscopic if they are there. In 
the adult human we can see them very easily. 

De. Discue: But obviously, in spite of the sub 
microscopic size in animals and children, they can 
achieve their proper function, namely, to provide 


the lens with material which goes through tt 


De. Monauan: Oh ves, very much so 


Dr. Discue: During the development of cataract 
in man that is not possible. You assume, therefore, 
that there is complete obstruction of the channels 
in the senile cataract, because they are sufficiently 
large in animals, despite their submicroscopic «i- 
ameter, to provide an access of the nutrients to the 
lens. In senile cataract that is not the case any 
more, 

Do vou assume that there is a disturbance of the 
passage of certain essential substances to the lens, 
due to the destruction of the channels? Is this your 
thought ? 

De. Monanan: Yes. I believe it is due to a 
decrease in metabolic exchange because of an ob- 
struction of the channels. One must remember that 
these channels are very close to the limits of resolu- 
are probably finer than most structures 


Thev are just at 


They 
which we are accustomed to see 


tion 


the limits of resolution of the phase-contrast micro 
little than the limits of 


resolution of the ordinary microscope 


scope, which is a finer 


Dische has in mind the 
Does it precede or 1s 


| think either 


think Dr 
the channels 


De. COGAN I 


obliteration o 
it a result of the cataract formation: 
assumption is certainly valid 


De. Monanan: It is a matter of cause and effect 
It can't be answered, although I think the evidence 
points to the fact that probably the 
from obstruction of the channel 


cataract results 


De. CoGan: The fact that block them and 
vet a cataract? We don't know, of course, that just 
the injection itself is not a sufficiently traumatizing 


you 


agent to produce cataracts 


Dx. MONAHAN: The injection of either dye alone, 
of course, will not produce cataract. It is only m 
the particular combination in which the dyes are 
precipitated that one gets a cataract 


Dre. Conrap Berens (New York) Have you 
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used that for demonstrating cataract? It might be 
a lead. You might try i 

De. Lupwic Von SatemaAnn (New York): May 
1 ask Dr. Monahan whether he plans to continue 
his studies with the electron miscroscope? So far 
as I know, no channels have been identified with 
this method of examiation. 

Dr. Monanan: Thank you, Dr. von Sallmann 
If there had been more time | would have gone 
into that aspect 

Yes, the capsule has been examined quite exten 
sively with the electron microscope. It also has been 
examined with the phase microscope. The particular 
areas in which these channels occur apparently were 
missed because they were not described, and all the 
photograpl s published apparently were taken at the 
anterior and posterior capsule rather than at the 
equator. 

Dr. M \. Lasr (New York) Did have 


any cases of desquamation of the anterior capsule : 


you 


Dr. Monanan: Yes 


(Not identified): Are there instances in 
which desquamation of the lens capsule or exfolia 
capsule without any 


many 


tion of the lens occurred 


cataract formation ? 


Dre. Monanan: Oh, ves. That brings up another 
complete subject for discussion. Exfoliation of the 
lens capsule occurs definitely in zones on the an 


terior surface, as vou know. It occurs im approxi 


mately five zones. Those zones correspond quit 
well to the location of the capsule or channels im 
their various forms, with this exception: The 
zonular fibers also enters that area, which causes 


an additional zone to be formed. Certainly exfolia 
tion without formation. We have 
examined slides with exfoliation, and the channels 


occurs cataract 


still remained patent 


De. V. Evererr Kinsey (Detroit): If these 


channels proceed just from the posterior pole t 


ward the equator, why does Dr. Monahan feel 


they are so important metabolically, in view of the 
fact that most of the nutrition comes from the an 
terior portion ? 


De. Monanan: The channels open on the an 


terior surface of the lens capsule 


Dr. Kinsey: And proceed posteriorly ? 


Dr. MonaHan: And proceed equatorially. There 
are no channels seen in the posterior capsule 


De. Kinsey: | am sorry; I misunderstood you 


Dr. MONAHAN from the 


anterior pole 


They open three mm 


AN EXPERIMENTAL ANALYSIS OF LENS REGENERATION* 


S. Stone, M.D. 


New Haven, Connecticut 


Throughout all of the vertebrates the lens 
the 


ectoderm at the point where it makes con- 


arises in the embryo from surface 
tact with the early optic vesicle. Further- 
more where an embryonic eve ts fully 
adapted to experimental tests, as in the case 
of amphibians ( Spemann, 1938), it has been 
shown that this contact has particular signifi- 
cance ¢ for the surface ectoderm 1s respond 
ing to some special influence, perhaps of a 
chemical nature, initiated by the developing 
eve, 

If contact fails to take place no lens de 
velops. If the normal presumptive lens- 
forming ectoderm is replaced by ectoderm 
taken from remote regions of the body of the 
same or even another species of embryo, it 
will also be induced by the underlying eve to 
form a it would 
have formed had it been left in its original 


lens instead of the skin 
position on the donor. 

The influence of the early developing eve 
upon the origin of lens tissue is also clearly 
shown in experimentally produced cyclopian 
monsters ( Mangold, 1930; Adelmann, 1934; 
Stone and Dinnean, 1934) where the degree 
of fusion of the eves determines the degree 
of fusion of the induced lenses. A complete 
fusion of two eves into a single large median 
placed one induces a single correspondingly 
large lens if contact is made with the surface 
ectoderm. If there is no contact, a lens fails 
to form (Stone and Dinnean, 1934). 

When this lens is fully differentiated it 1s 
bathed in front by the aqueous humor, while 
the vitreous body lies just behind it. Its only 
direct connection with any cellular elements 
of the tissues which surround it are through 
Anatomical Laboratory, Yale Univer 
Medicine, and the Osborn Zoological 
Laboratory, Yale University. This study 
by grants from the James Hudson Brown Memorial 
Fund of the Yale School of Medicine 
and from the United States Public Health Service. 


National Institute of Neurological and 
Blindness, B-23 (C4). 


* From the 
sitv School ot 
was aided 


University 
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zonule fibers that hold it in place. Therefore, 
if the original lens is detached from these 
fibers and entirely removed from the eye, it 
would at first appear incredible that replace 
ment of a lens could take place in any verte- 
brate eve when no trace of the original tissue 
remains behind as a source for regeneration. 


REVIEW 


Since most ophthalmologists may not be 
aware that this can occur, it may be of in- 
terest to review some of our recent experi- 
ments dealing with an unusual phenomenon 
which takes place in a small group of am- 
phibian eves. 

In 1891, Colucci removed the lens along 
with some other tissues from the eyes of 
European salamanders and noted that a new 
lens developed in the eye by a budding proc- 
ess arising from the pigmented iris tissue 
along the dorsal pupillary margin. 

This has been confirmed by different in 
Vestigators since that time and up to now 


~ experiments by me have shown that it occurs 


in 14 species of salamanders, including those 
already reported. However, we have already 
found that there are many other species of 
these tailed amphibian forms which are un 
able to replace the lost lens as in other classes 
of vertebrates which have been tested. 

How much evidence exists for lens re- 
generation among the salamanders’ close rel 
atives, the tailless amphibians, frogs and 
toads, is a debatable question at the moment. 
In faet it difficult to 
widely the potentiality for lens regeneration 


would be say how 


is hidden in the eves of many vertebrates 
until far 
been explored at various periods during de 


larger numbers of animals have 


velopment. 

For recent reviews of the literature on this 
subject, reference is made to Stone and Sapir. 
1040; Stone and Chace, 1941; Reyer, 1948 
and 1950. 
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A 


(Stone). 


Schematic representation of 


Fig. 1 
operation and result showing removal of lens (A) 
followed by lens regeneration from pupillary margin 
dorsal iris (B) and further growth (C). All figures 
concern adult eves of the newt, Triturus viridescens 


PRESENT KNOWLEDGE 


We can summarize our present knowledge 
about the conditions under which a_post- 
embryonic lens can come into existence by 
our experiments on the common American 
vermilion-spotted — adult Triturus 
viridescens. A motion picture film has been 


newt, 


prepared to bring together these results. 
As long as the original normal lens re- 

intact in this eye no other lens 

arises in its presence. If it is per- 


mains 
normally 
manently removed, then it is replaced by a 


new one which develops from the dorsal 
pupillary margin of the iris (figs. 1 and 2 
A-H, 


If it is taken out and put back immediately 
or if the lens of another species is put in its 
place, lens regeneration is completely in- 
hibited. However, if a severe cataract condi- 
tion develops in the implanted lens, regenera- 
tion of another is released just as in the case 
of surgical removal. 

We have also found in this species that, 
when the eye has been transplanted, a cat- 
aract develops which rapidly destroys the 
original lens. This is followed by lens re- 
generation from the dorsal iris (Stone and 
Chace, 1941). Mechanical factors, such as 
the size of the lens, its shape, or volume, 
play no role in inhibiting lens regeneration, 
for wax or glass spheres similar in size to a 
normal lens, as well as various types of 
tissues, when implanted into an eye immedi- 
ately after the lens has been removed, do not 


restrict lens regeneration. 
Therefore the removal of the lens from 
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the environment of the iris, which is nor- 
mally a thin, black, pigmented membrane 
(fig. 2-A) is followed in about a week by a 
thickening of the iris and a depigmentation 
of its cells (fig. 2-B) along the free dorsal 
margin around the 12-o0’clock position. 

In a few more days, proliferation of the 
cells begins along the margin (fig. 2-C) and 
soon a vesicle is formed (fig. 2-D and E), 
the inner pole of which becomes polarized to 


A 


Fig. 2 (Stone). Drawing to show in cross section 
the regeneration of lens from the pupillary margin 
of the dorsal iris from 0 to 30 days after removal 
of the original lens. Normal iris (A); nine days 
(B); 12 days (C); 14 days (D); 16 days (E); 
21 days (F); 25 days (G); and 30 days (H). 
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form the primary lens fibers, while the outer 
devoted to the anterior sub- 
2-F). 


removal of the 


surface is 
capsular epithelial layer (fig. 

In about 25 days after the 
original lens, the interior of the lens regener 
ate is being filled with the secondary lens 
fibers (fig. 2-G). At this time it is usually 
still attached to its source of origin, the dor- 
sal iris. By the end of a month (fig. 2-H), 
the outer capsule completely surrounds the 
lens which then detaches itself and lies in the 
pupillary space. 

The dorsal iris soon returns to its normal 
appearance and, by the end of a year, the 
size of the new lens reaches almost that of 
the original one (Stone and Chace, 1941). 

If the lens regenerate at the time of its 
detachment is implanted in another eye im- 
mediately after a normal lens has been re- 
moved, the presence of the implant inhibits 
lens regeneration from the host dorsal iris to 
the same degree as a fully mature lens does. 
Implants of earlier lens regenerates do not 
have this inhibiting effect. 

Two lenses can, however, develop side by 
side in the same eye. This is shown by an 
experiment where dorsal iris tissue from a 
normal eye is excised (fig. 3-A) and im 
after the 


normal lens of the host eve is removed (fie. 


planted in an eve immediately 


3-B). 


Lenses regenerate simultaneously 
from both the implanted iris and the dorsal 
iris of the host eve (fig. 3-C). 

If one of these lenses becomes cataractous 
and degenerates within the first three weeks 


of its development, lens regeneration is again 


C 


Fig. 3 (Stone). Schematic representation of 
operation and result showing normal dorsal iris 
excised (A) and implanted in another eye im- 
mediately after lens removal (B). Lenses develop 
simultaneously from both host dorsal iris and im- 


plant (C). 


~ 


Schematic 


(Stone) 


Fig. 4 


operation showing normal ventral iris excised (A) 


representation ol 


and implanted in another eye immediately after lens 
removal (B). Ventral iris never develops lens, host 
dorsal iris always does (C). 


released from the same dorsal iris tissue 
without inhibition from the surviving lens 
regenerate in the environment. However, 


older lens regenerates, 25 days or more in 
age, inhibit further lens regeneration in the 
same environment. 

This fact was well established when lens 
regenerates at all ages were placed in eyes 
immediately after removal of the normal 
lens. Lenses developed normally from the 
host dorsal iris without inhibition in the pres- 
ence of the implanted lens regenerate pro- 
vided the latter was less than 25 days old (fig. 
2-B to G). 

Experiments show that, when the normal 
lens is removed (fig. 1-B), a new lens usually 
arises from the pupillary margin of the dor- 
sal iris at the point around the 12-0’clock 
position. Many iris grafts taken from all 
regions of the dorsal half from the 9- to 3- 
o'clock positions and placed into lensless 
eyes show that the potency for lens regenera- 
tion gradually decreases to zero as one ap- 
proaches the 9- and 3-o’clock positions. Be 
low these points none of the ventral iris 
transplants give rise to lenses as indicated 
in a typical experiment in which ventral iris 
tissue is implanted into a lensless eye (figs. 
4-A and B). 

Only the host dorsal iris in such a case 
(fig. 4-C) is capable of responding to the 
conditions that can release lens regeneration. 
Somewhat similar results were found in ex- 
periments on the larval eyes of an European 
salamander by Sato (1933). This indicates 
that the cells capable of responding to lens 
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\ 


(Stone). Schematic representation of 
operation and result showing nonlens-forming 
ventral iris excised (A) and replacing normal dorsal 
iris (BE). Later lens of host 
removed (C) from 
iris tissue on either side of ventral iris graft (1) 


Fig. 5 
when normal 


eye Is 


two lenses regenerate dorsal 


formation lie in a somewhat restricted area 
in the eye. 

One can take advantage of this fact and 
devise experiments which can further test 
the lens-forming capacity of the free pupil 
lary margin of the dorsal tris and at the 
same time study the conditions under which 
multiple lenses might be formed simultane 
ously from dorsal irts tissue, 

This is shown in an experiment where the 
nonlens-forming ventral iris tissue (fig. 5-A) 
is substituted (fig. 5-2) for a segment of 
dorsal iris. Later, when the normal lens is 
removed (fig. 5-C), two lenses regenerate 
from the dorsal iris tissue one on either side 
of the graft (fig. 5-D). 

This is not due to any type of injury along 
the pupillary margin of the iris, for many 
control experiments showed that injuries, 
such as slits radiating from the pupillary 
margin of the iris upward toward the corneo 
scleral junction, healed readily without stim 
ulating lens formation. 

In the experiments so far described, the 
lens regeneration has been released only 
along the pupillary margin of the dorsal iris 
tissue. Further experiments show, however, 
that the cells which have a Capacity for lens 
formation are not contined to the free mar 
gin, but are distributed to other areas in the 
dorsal iris. 

This can be revealed experimently by pro 


ducing secondary pupils in various regions of 


Fig. 6 (Stone). Schematic 
operation and result showing slit in dorsal iris (A) 
for implanting small sheet of pliofilm (B). When 
secondary pupillary space forms normal lens ts re- 
moved (C). A lens develops from dorsal iris tissue 
in both the primary and secondary pupils (D). 


representation ot 


the dorsal iris through the insertions of 
pieces of pliofilm (fig. 6-A and B). When 
the wound in the dorsal iris is healed around 
the pliofilm making a permanent secondary 
opening, the normal lens is removed (fig. 
6-C). Simultaneously a lens regenerates from 
the dorsal margin of the secondary pupil, as 
well as from that of the original one (fig. 
6-D). 

When the secondary pupils are gradually 
located nearer the ciliary margin of the iris, 
smaller lens regenerates appear until finally 
a line is reached where the presence of lens 
forming cells are no longer revealed by this 
type of experiment. 

All of the foregoing experiments show 


that the potentiality for lens regeneration ts 


possessed by cells found over a W ide area 


of the dorsal iris. The extent of this area is 
further indicated by another experiment in 
which a large section of the dorsal iris was 
removed leaving only a narrow rim of irts 
7-A). The ex 


cised tissue was gradually replaced by re 


tissue at the periphery (fig. 


7 (Stone) Schematn 
operation and result showing lens-forming area of 
dorsal (A) later when iris. ts 
partially regenerated the removal of the normal len 
(B) 


representation ol 
and 


ised 


Lens regenerates from regenerating dorsal iris 
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generation and later, when the original sur- 
viving lens was removed (fig. 7-13), another 
lens regenerated from the dorsal pupillary 
margin of the regenerating iris (lig. 7-C) 
even before the latter was completely re- 
formed. Therefore, cells remote from. the 
original dorsal pupillary margin not only can 
replace by regeneration a large area of dorsal 
iris but they can restore the lens-forming 
ability to the cells in the new tissue. 

How far bevond the ciliary margin of the 
dorsal iris tissue one can find pigmented 
epithelial cells which are capable of giving 
rise to lens tissue can only be revealed by 
further experimentation. However, as soon 
as we extend bevond this zone we invade an 
epithelial region devoted to the retina. 

Before we consider proposals to test the 
cells in this portion of the eve, it should be 
pointed out that the retinal pigment cells 
of the adult salamander eye can give rise 
to all of the elements living above them 
namely, the neural retina, which consists of 
the red-cone elements, intermediate bipolar 
cells, ganglion cells, and intervening layers. 

These retinal pigment cells can regenerate 
a new neural retina whether the latter is lost 
by degeneration (Stone, 1947 and 1950a ), or 
by complete surgical removal (Stone, 
1950b). Since the retina can be regenerated 
in these animals, it is possible to transplant 
functional eves even between different spe- 
cies and later study returning vision ( Stone 
and Zaur, 1940; Stone and Farthing, 1942; 
Stone, 1940), 

Further tests have now been made of the 
activity of these pigment cells in many grafts 
of retinal pigment epithelium which, along 
with the underlying chorioid layer and some- 
times the sclera, were placed in the aqueous 


chamber or pupillary space in lensless eyes. 


In a majority of the grafts, the retinal pig- 


ment epithelium gave rise to beautifully di 
ferentiated neural retinal membranes. 
When the retinal pigment epithelium of 
the graft came from the dorsomedial wall of 
the eve, which was well isolated from and 
never connected with the iris tissue, there 


were a few cases in which not only a well- 
differentiated neural retina developed but also 
a lens. The lens was seen to be attached to a 
margin of the graft, where the retinal epi- 
thelium extended like a thin membrane from 
the regenerated neural retinal portion as 
though it were reconstructing itself into a 
sheet of irislike tissue. 

Apparently this layer of cells, in prolif- 
erating as a thin shelf beyond the body of 
the graft, lost ability to form neural retinal 
elements and took on lens formation instead. 
In our experiments, the conditions rarely 
appeared to be favorable in bringing forth 
the lens-forming capacity in these retinal 
pigment cells. 

These results are of interest since it has 
recently been claimed by Sato ( 1951), work- 
ing on a Japanese salamander, that retinal 
pigment epithelium could form lens tissue 
when implanted in a lensless eye. 

We are, therefore, at the interesting stage 
of our explorations when we can say that 
the potentiality for postembryonic lens for 
mation is masked in pigment cells not only 
in the iris but in the retina as well. The con- 
ditions under which lens regeneration be 
comes inhibited or released is of considerable 
importance from many biologic points of 
view, 

We already have some important informa- 
tion which bears upon this part of the prob 
lem. Normally, the iris tissue is bathing in the 
aqueous humor which is also circulating 
around much of the surface of the lens and 
exchanging with the latter various chemical 
substances associated with lens metabolism. 

Under these normal circumstances, in the 
presence of the lens, the dorsal iris tissue of 
the salamander eye never releases its capacity 
for lens regeneration. If, however, we insert 
a thin sheet of pliofilm into the eye (fig. 8--A) 
to wall off the dorsal iris in a chamber by 
itself so that it is not bathed by the aqueous 
humor which contacts the intact lens, the 
latter no longer exerts any inhibitory effect. 

Lens regeneration is then released from 


the cells in the dorsal iris (fig. 8-B). This 
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Fig. 8 (Stone). Schematic representation of 
operation and result showing implanted sheet of 
pliofilm isolating dorsal iris from lens and the 
aqueous humor bathing it (A). This releases lens 
regeneration from dorsal iris (B). 


does not take place if the dorsal iris fails to be 
completely isolated by the artificial chamber. 

The important role which the aqueous 
humor is playing in this whole problem is 
further shown when daily injections of aque- 
ous humor from eyes containing lenses are 
made into eyes from which the lenses have 
been removed (fig. 9-A, B, and C). It was 
found by our experiments that lens regenera- 
tion could be inhibited for many weeks in this 
way. 

Since daily injections of Ringer’s solution 
in control eyes showed no inhibitory effects, 
it is apparent that the inhibiting factors are 
of a chemical nature floating in the aqueous 
humor around the living lens tissue (Stone 
and Vultee, 1949). Whether this is a specific 
factor or a combination of factors related to 
the metabolism of the living lens fibers is 
being further investigated. 

It has been shown in the preceding experi- 
ments on the adult eyes of this Triturus sala- 
mander that the lens regenerates from the 
pupillary margin of the dorsal iris at about 
the 12-o’clock position when the normal lens 
is removed or when the dorsal iris is isolated 
from the lens by an artificial chamber. 

The question now arises, how early in the 
development and under what circumstances 
does the future lens-forming area become 
polarized in this region of the eye? 

The answer to part of this question is that 
it becomes polarized very early in embry- 
onic development around the beginning optic- 
cup stage, long before the iris is formed. 


This was easily determined by first excising, 


rotating 180 degrees, and implanting embry- 


onic eyes at various stages in development. 

Later in the larval life of the hosts, the 
original lens was removed. We noted that 
in those cases in which the embryonic eye 
had been rotated before the approach of the 
optic-cup stage, the lens regenerated at or 
near the 12-o’clock position. Therefore, the 
position of the future lens-forming area had 
not become determined at the time of opera- 
tion. 

In all cases, however, in which the de- 
veloping eve had been rotated during or sub- 
sequent to this critical stage, the regenerating 
lens arose at the 6-o’clock position. This 
demonstrated that the polarization had al- 
ready taken place at the time the eye was 
rotated and that the dorsal iris was now re- 
versed in position. 

Our experiments furthermore indicate that 
the establishment of the future lens-forming 
area takes place at about the same stage in 
development as was described by Sato 
(1933) in another salamander. The deter- 
mining factors which induce the polarization 
are not yet known, but it is quite possible 
that they arise from the developing brain 
against which the embryonic eye lies. 

Although the future lens-forming region 
is determined early, its potentiality cannot be 
forced to reveal itself immediately. This 
was shown in our laboratory by experiments 
of Reyer (1950) on this species. The original 
presumptive lens ectoderm was removed 
early and substituted by grafts of tissue 
which prevented further lens inductions. 


DAILY INJECTIONS OF AQUEOUS HUMOR 
FROM EYES CONTAINING LENSES 


LENS REGENERATION 
INHIBITED 


Fig. 9 (Stone). Schematic representation of 
operation and result showing lens removal (A) fol 
lowed by daily injections of aqueous humor taken 
from eyes with normal lenses (B). Lens regenera 
tion is inhibited for many weeks as long as injec- 
tions are continued (C). 
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This was followed by an early temporary 
period when the eye continued development 
without a lens. 

Even though an original lens was not 
allowed to develop in these eyes, this status 
did not prevent the further establishment of 
a mechanism for lens formation, for as soon 
as the iris developed from the margin of the 
optic cup a lens arose from the free edge of 
the dorsal iris in the usual place. 


DISCUSSION 


In the eyes which have been illustrated in 
the foregoing experiments it is possible to 
follow a chain of events that involves two 
forms of lens formation, which, when we 
have explored them more thoroughly, may 
prove to be more closely related than now 
appears on the surface. 

At first the mechanism for lens formation 
expresses itself in the nature of some stimu- 
lus, perhaps of a chemical nature, that passes 
from the embryonic eye to the responding 
surface ectoderm with which it makes con- 
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tact. As the eye develops, the mechanism ap- 
parently becomes embodied within cells in 
the dorsal part of the eye and spreads into 
the dorsal iris when the latter forms. The 
lens-forming potentiality of the cells is then 
restrained from expressing itself by the pres- 
ence of living lens fibers or by some sub- 
stance produced by them. 

One might conclude from present knowl- 
edge that, during early development when 
the eye loses its inductive influence for lens 
formation in the surface ectoderm, the sec- 
ond stage, which makes lens regeneration 
from eye tissue possible, is either completely 
lost in most vertebrate eyes or, if even feebly 
retained, its presence has not yet been un- 
masked by our studies. 

This is a challenge to extend our knowl- 
edge further in a field of investigation in 
which the mechanism of lens regeneration 
can also be used as an unique tool applied 
to fundamental studies of cell dedifferentia- 
tion, proliferation, and differentiation. 

Yale University School of Medicine. 
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DiscUSSION 


Dr. Joun Bettows (Chicago): It is interesting 
to note that not only the eyes of lower animals but 
even human eyes attempt lens regeneration. In the 
human eve, attempts to produce a new lens come 
from the lens capsule and epithelium. For example, 
after an extracapsular extraction, Elschnig’s pearls 
may appear; each sphere represents a miniature 
crystalline lens 

In certain lower animals, the destruction of the 
in embryonic life results in aphakia 


optic vesicle 


Even in man, it is likely that some stimulus from 
the optic vesicle or the retina is necessary for the 


integrity of the lens and, in the absence of this 
stimulus, the lens undergoes degeneration and forms 
a cataract. This is the possible explanation for the 
origin of cataracta complicata which occurs in the 
diseases of the posterior segment 

I wish to ask Dr. Stone whether destruction of 
the posterior half of the eye was attempted in his 
experimental regeneration and if the lens was still 
able to appear trom the dorsal tris 

Dr. Leon S. Stone: | might that we have 
discussed in other publications the question whether 
in the absence of retinal tissue 

I believe the retina is playing a part in the total 
picture of the regeneration of the We have 
transplanted pieces of the dorsal iris tissues to the 


say 
a lens will form 
lens 


hody cavity where the early stages of lens regenera- 
tion have taken place from the grafts isolated from 
However, they merely develop into smal! 


far in growth 


the retina 
lentoids which never progress very 
As I have pointed out in the essay, one can study 
the development of cataracts in such experiments as 
these. 

I don’t know how many 
the development of the marsupials. The 
this continent. | 
birth its eve is im 
of development as that five- 
At this time, the lens is 


f you are familiar with 
opossum Is 
the only example we have 
would lke to poimt out that at 
the same 
week-old human embryo 
in a late vesicle stage of development and it should 
present an unique to study experi 
mentally the early development of various types of 


on 


Stage of a 


opportunity 


cataracts. 


\s Dr. Bellows 


unsuccessful at- 
or 


Dr. Davin G. CoGan (Boston) 
stated, there does seem to be an 
tempt in human 
something that simulates lenses 

Along that line, it would be interesting to frac- 


Stone’s inhibitory factor, for example, 


the eve to regenerate lenses 


tionate Dr. 


to remove most of the lens, leaving the epithelium 
intact, and see if the epithelium of the lens inhibits 
it, or whether it is something from the cortex 

I have certain qualms about the interpretation of 
Dr. Stone’s experiments. I think we should empha- 
size the fact that Dr. Stone does not feel he has dis- 
covered any method by which lenses may be re 
generated in human beings. That has professional 
implications, Dr. Stone, which might be unfortunate 


Dr. HerMANN M. Burian (lowa City, Iowa) 
At what time the 
clear? Is it clear from the beginning? At what point 


ce ws regenerated ler is bece 


does it become transparent ? 


Dr. Srone: If one examines the gross specimens 
under ordinary light conditions under the muicro- 
scope from the time the vesicle begins to appear, a 
bluish-gray structure growing down 
from the free margin of the dorsal iris. Not until 
the inner the regenerating lens 
is filled with the primary lens fibers does it begin 
As soon as the equatorial zone 


can be seen 


portion of vesicle 


to be transparent 
gives rise to the secondary lens fibers, one can then 


observe quite a clear lens 


York): 


Stone cor 


Dre. Lupwic von SALLMANN (New 
don’t know whether I understood Dr 
rectly, but I believe he said that he identified two 
conditions which imhibited regeneration of the lens 
from the dorsal iris; one of these was the presence 
of a completely formed lens capsule, and the other 
was repeated injection of normal aqueous continued 
for 90 days 

I should like to know then whether Dr. Stone feels 
that it is the lens capsule or the lens epithelium that 
Secondly, 1 should 
experiments 


is the factor in this inhibition 
like to whether controlled 
been carried out in which Ringer's solution was in 


ask have 


jected for 90 days. 


: We continued our injections of Ring- 
until a large lens-regenerate appeared 
do not recall that we carried them on 
as 90 days. However, 60 days were 
to prove that mere introduction of a 


Dr. STON? 
er’s solution 
in the eye. I 
for as long 
long enough 
needle, or the mere injection of Ringer's solution, 
or the withdrawal of aqueous humor already in the 
eye, did not interfere with the release of lens re- 
generation nor the growth of the lens regenerate 

As far as the completion of the capsule is con- 
as well as the role it plays in early 


cerned, lens 
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regeneration, | can only say that the full develop- 
ment of the capsule coincides with the moment when 
the lens regenerate separates itself from its source 
of origin, the dorsal iris 

From what we know about the general physiology 
of the lens, | would assume that a lens regenerate 
at the time it is detaching itself from its source of 
origin, has reached the point at which its membrane 
functional and anaerobic 
mechanism governing the 


has already become 
metabolism 


nourishment that had previously come in along the 


becomes the 


epithelial attachment with the iris 

As far as the epithelium is concerned, do you 
mean the subcapsular epithelium? The subcapsular 
epithelium is established very early in a regenerat- 
ing lens, and in the early stages when there is a 
large capsule (because it is still growing) its cells 
do not inhibit regeneration of lens from other 
dorsal iris tissue 

I think it might be a combination of many 
metabolic agents that are given off by the living 
mature lens which keeps the iris cells in equilibrium 
and inhibit That may involve a bio 
logic principle which might apply to other forms of 
regeneration 

There is nothing specific flowing in the 


regeneration 


blood 
stream either through the presence or absence of 
the other side. If onli 
moved, regeneration takes place in the 
fashion. If there is no lens in either eye, complete 
lens regeneration will take place in both eyes 


an eve on one lens is re 


normal 


Dre. V. Evererr Kinsey (Detroit): Dr. Stone, 


have you made any attempt to fractionate the sub 
stance which is inhibitory? For instance, is it heat 
labile, or do you know anything about its nature? 


Dr. Stone: No. I have not done it so far, but I 
am hoping that one of my graduate students will 
take up this problem. 


De. Lawrence Dame (Greenfield, Massachu 
setts): Dr. Stone, do you have any estimate as to 


? 


the optical efficiency of this new lens‘ 


Dr. Stone: Regarding vision in these animals 
with new lenses I can cite the results of many o1 
our experin.ents on transplanted eyes, which will 
be taken up in another paper. 

I have always found that, when an eye ts taken 
out, for example, and transplanted, not only the 
retina but the well degenerates in 


In three months’ time the neural retina 


lens as these 
animals 
regenerates from the pigment cells, and an optic 
nerve grows back to the brain. The regenerated lens 
from the dorsal iris is quite small at this time but 
it fills the entire pupillary space. 

When we tested for vision before and after the 
transplantation of the eyes by means of rotating 
drums with various widths of alternating black and 
white stripes, we found that visual acuity gradually 
hecame as sharp as it was in the beginning before 
operation. That was about five or six months after 
operation. So, 1 would say, the new lens is giving 


good service. 


THE IN VITRO REVERSAL OF THE LENTICULAR CATION SHIFT 
INDUCED BY COLD OR CALCIUM DEFICIENCY* 


Joun E. Harris, M.D., Leta B. 
Portlan 

The lens, like most tissues, normally maim 
tains a high potassium and low sodium con 
centration, even though bathed in a fluid high 
in sodium and low in potassium, Under cer 
tain conditions, notably developing cataract, 
there occurs what might be termed a de 
gradation of the cation content, that is, a 
shift toward equilibrium, potassium leaving 
the lens and sodium entering.’ This shift is 
generally consid red to result from death 


of the cell and to be irreversible, 
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Of interest is the fact that this cation de 
gradation can be readily duplicated in vitro 
under circumstances not necessarily associ- 
ated with cell death. When the metabolic in 
tensity of the rabbit lens ts lowered by re- 
frigeration, treatment with metabolic poisons 


or deprivation of glucose, it loses potassium 


and gains sodium." 

The cation shift can also be produced by 
alteration of the permeability of the limiting 
lenticular barriers, probably cellular mem 
branes. Thus, cither a decrease in the 
energy output by the lens or an increase in 
the permeability of its barriers is followed by 
a shift in cation toward equilibrium with the 


extracellular fluid. 
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In view of these considerations, it is im- 
portant to know whether the shift in the 
cation content induced by deviations from 
the usual environment can be reversed when 
relatively normal conditions are reéstab- 
lished. The reversal of a cold-induced cation 
shift has been demonstrated in the human 
erythrocyte’ and the retina‘ and can be 
reasonably anticipated in the lens if the con- 
cept, advanced in a previous publication,® of 
an active transfer of cations across lenticular 
barriers is correct. 

Extension of such studies to include the 
effect of various metabolites and metabolic 
processes on the cation content and reversal 
of the cation shift would contribute to a 
better understanding of the mechanism which 
normally maintains the cation distribution. 
Moreover, it is reasonable to assume that the 
cation shift seen in developing cataract re- 
flects the breakdown in the metabolic proc- 
esses which ultimately leads to an opacity. 

These studies should, therefore, increase 
our knowledge of the pathogenesis of cata- 
racts and supply direction to efforts to pre- 
vent or reverse the cataractous change. 

We have, accordingly, undertaken to de- 
termine whether the induced cation shift can 
be reversed, to study the kinetics of the re- 
versal if possible, and thus to lay the ground 
work for future studies of various influential 
metabolic factors. As test procedures, we 
have sought to reverse the cation shift in- 
duced by cold and by calcium deficiency. 


EXPERIMENTAL 


As part of our previous studies, we at- 
tempted to reverse the cold-induced cation 
shift by raising to 37°C. the temperature of 
a lens bathed in 15 ml. of Tyrode’s solution. 
This failed. 

As a point of departure in the present 
studies, therefore, certain changes in the 
medium and technique were made: First, the 
potassium concentration of Tyrode’s solu- 
tion was increased to 5.0 milliequivalents per 
liter, the level normally found in the rabbit’s 
aqueous. 

Second, the bicarbonate concentration was 


increased to 23.8 mEq./liter, a concentra- 
tion which more closely approximates that of 
the rabbit's This the 
buffer capacity and permitted a reduction 
in the volume of the bathing medium to a 
minimal quantity (3.0 ml.) ; employment of 
a minimal extracellular volume was found by 
one of us (J. FE. H.) to be desirable in simi 


aqueous, increased 


lar experiments on the erythrocyte. 

As in our previous studies, we increased 
the glucose content from 150 to 200 mg. 
percent to insure an adequate supply of nu- 
trient material. The resulting solution consti 
tuted the basic medium and is referred to as 
modified Tyrode’s solution. Further altera 
tions (addition of glutamic acid or removal 
of calcium) were made as indicated. 

To maintain osmotic constancy, all altera- 
tions in Tyrode's solution were compensated 
by the subtraction or addition of an equiva- 
lent amount of sodium chloride. When cal- 
cium was deleted from the medium, the final 
sodium concentration was 150 mIq./liter ; in 
all other solutions the concentration was 148 
/liter. 

The procedure otherwise has been previ- 
ously described* and is only briefly reviewed. 
Rabbit eyes were enucleated and the lenses 
extracted by turning back the sclera, remov 
ing the vitreous, and cutting the zonules. 
Generally, lenses weighing between 0.250) 
and 0.400 gm. were used, although an oc- 
casional lens over that limit was included. 
(Our data does not permit a conclusion con- 
cerning the effect of the age or size of the 
lens on the results observed. ) 

Each lens, resting on its posterior surface, 
was submerged in 3.0 ml. of solution, over 
laid with a mixture of 5.0-percent CO, and 
95-percent O, in a small tube, tightly 
stoppered. Aseptic techniques were employed 
throughout. 

After the appropriate procedure, the lens 
was removed, weighed immediately, dried 
at 105°C. for 48 hours, ashed, and the 
sodium and potassium content determined on 
a Perkin-Elmer flamephotometer, using 
lithium as an internal standard. The pH of 
the media and the glucose content were de- 
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termined before and after each experiment. 
The method of Somogyi® was used for de- 
termining glucose. 

Ideally, such studies would be made by 
serial analyses of the same sample of tissue. 
This is not possible when the lens is the 
experimental structure. Thus, in the presen- 
tation of the data, comparison is always made 
between a group of lenses which serve as 
controls (which, depending upon the study, 
may be fresh lenses, refrigerated lenses or 
those incubated in media without calcium) 
and an experimental group which is subjected 
to an additional procedure. 

Normally, the cation concentrations agree 
closely from lens to lens particularly when 
a comparison of the two lenses from the 
same animal is made. However, the potas- 
sium and sodium concentrations of refriger- 
ated lenses were found to vary from animal 
to animal and from lens to lens of the same 
amunal. This was also observed in lenses in- 
cubated at 37°C. in media containing no cal- 
cium. 

Since the controls in these instances vary, 
a statistical analysis was found valuable.* 
Although not absolutely necessary, we have 
for the most part used one lens of a pair 
from the same animal as a control, largely 
because variation which might occur from 
certain other factors is thereby minimized. 


REVERSAL OF THE COLD-INDUCED CATION 


SHIFT 

reduction in metabolic intensity is 
readily produced by refrigeration and easily 
reversed by raising the temperature. Our 
experimental approach, therefore, was to re- 
frigerate the lens in an ice bath at O°C. for 
16 to 22 hours using modified Tyrode’s solu- 
tion as the bathing medium. At the end of 
this time one lens of a pair from the same 
animal was analyzed immediately while the 
other was placed in a water bath and incu- 
bated at 37°C. for a variable period before 

*The t-test for significance was employed 
throughout; the mean of the control analyses was 
compared with the mean of the analysis obtained 
after the experimental procedure, accepting P equal 
to 0.05 as the level of significance 


an analysis was made. 

The results of experiments of this type 
are given in Table 1. The loss of potassium 
and gain of sodium by the lens which oc 
curred during refrigeration at O°C. were re- 
versed by simply increasing the temperature 
to 37°C. 
left the lens ; the movement in both cases was 
Neither 
change could be accounted for on the basis 


Potassium reéntered and sodium 
against a concentration gradient. 


of alteration in water content. The changes 
were statistically significant. 

The ultimate goal would be the restoration 
of normal cation concentrations. Thus the 
significant measurement is the concentration 
at any time, rather than the change as meas 
ured by the actual difference in concentration 
between the incubated and the control lens. 
For example, a lens which has lost and re 
gained potassium in the amount of 50 mEq./ 
1,000 gm. of water is not necessarily a more 
active specimen than one which has lost and 
regained only 25 mEq./1,000 gm. of water, 
since both have returned to their initial level. 

In Figures 1 and 2 the cation concentra- 


tion is plotted against time of incubation of 


previously refrigerated lenses. The value at 
zero hours is the mean of the concentrations 
of the control lenses (that is, those subjected 
to refrigeration only). 

Although the uptake of potassium and ex- 
cretion of sodium are definite, the spread 
of the data is too great to determine the 
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Fig. 1 (Harris, Gehrsitz and Nordquist). Ac- 
cumulation of potassium during incubation of the 
previously refrigerated rabbit lens. (Medium 
modified Tyrode’s solution.) 
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rABLE 1 


CHANGE 


IN CATION CONCENTRATION DURING INCUBATION OF THI 


PREVIOUSLY 


REFRIGERATED RABBIT LENS 


(Medium 


Potassium 


Hours 


- Control Incubated 
Incubation 


Lens Lens 
rt. 0°C.+37°C. 
80.7 
92.3 
118.6 
97. 
86. 
126. 


80 
113. 
98 


60 
70 
104 


102 
110. 
119, 


Mean 
S.D. 


kinetics of the shift with any certainty, 
although an approximation to an exponential 
function, as indicated by the dotted line, 
seems likely. 


krrect oF 1-GLUTAMIC ACID ON THE COLD- 


INDUCED CATION SHIFT 
Having established that the cation shift 
which is induced by refrigeration can be re- 


versed by warming the lens to 37°C., we 


turned our attention to determining more 
accurately the kinetics of this reversal. A 
knowledge of the kinetics is essential to a 
more thorough understanding of the mecha- 
nisms which maintain the cation concentra- 
tions; it is also essential for future studies 
of the effect of various procedures on the 
cation exchange. 

The spread of the data obtained when 
modified Tyrode's solution was employed 
suggested that some metabolic adjuvant was 
lacking. Glutamic acid is known to enhance 
the uptake of potassium by the retina* and 
was, accordingly, tried here. /-glutamic acid 


mEq./ 1,000 gm. Water 


Change 
during 
Incubation 


Moditied Tyrode's solution) 


Sodium—mEgq. 1,000 gm. Water 
Change 
during 

Incubation 


Incubated 
Lens 
0°C. + 37°C. 


Control 
Lens 


orc, 


Retrigeration of 
L OPC (16-22 hep 
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» 
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6 12 
-~37°C 


Hours Incubotion 


Fig. 2 (Harris, Gehrsitz and Nordquist). Excre 
tion of sodium during incubation of the previously 
rabbit lens. (Medium—moditied Ty 
rode’s solution. ) 


refrigerated 


was added to the basic medium in sufficient 
quantity to achieve a final concentration of 
0.01 M. Rabbit lenses were placed in this 
solution, refrigerated and subsequently ana- 
lyzed immediately or incubated for variable 
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PrABLE 2 


CHANGI 


IN CATION CONCENTRATION DURING INCUBATION OF THE 


PREVIOUSLY 


REFRIGERATED RABBIT LENS 


(Medium 


Potassium —mEq 


Hours 


ncubatec 
Incubation Incubated 


Control 
Lens 
orc. 
104 

82 
90. 
108 


OX 
9] 


105 
Q4 


76 
111 
97 
80 


52. 


Mean 
S.D. 


periods before analysis as scribed above. 
The results are presented in Table 2. 

A statistically significant uptake of potas 
sium and excretion of sodium by the lens 
were noted during incubation. The outstand- 
ing finding was the marked tendency to re 
turn to the initial, that is, normal levels. (The 
rabbit 


average of 28 analyses of normal 


lenses for potassium was 124.6 mliq./1,000 
gm. water with a standard deviation of + Z3 
and for sodium was 28.2 mEq./1,000 gm. 
water with a standard deviation of +7.0). 
The potassium concentration reached 
normally observed value at three hours. The 
sodium level approached but seldom achieved 
the normal level. 

feyond six hours’ incubation, the potas 
sium levels appeared to take divergent paths. 
A certain number (about one half) of the 
lenses continued to concentrate potassium, 
achieving values well above the normal range. 
In the remainder a gradual diminution of 


the potassium concentration and a_ simul 


1,000 gm. Water 


Change 
during 
Incubation oc. 


Modified Tvrode’s solution with 0.01 M. /-glutamice acid) 


Sodium—mEq. 1,000 gm. Water 
Change 
during 
Incubation 


Incubated 
Lens 


Control 
Lens 


4 
) 
) 


( 
( 


taneous increase in the sodium concentration 


This 


static medium was used and eventual meta 


occurred, Was not surprising since a 
bolic failure should occur, although the time 
of onset would reasonably vary from lens to 
lens. These apparently secondary changes are 
indicated by dotted lines in Figure 3. 

The kinetics of the uptake of potassium 
demonstrated a satisfactory approximation 
to the first dC /dT k 
(C,; — C,) where Cy is the normal concen- 
tration, C, the concentration at any time, T, 


order equation, 


and k is a proportionality constant which 
measures to a certain extent the ability of 
the lens in the particular medium to reéstab 
lish normal cation relationships.* 


* Other expressions can be derived in which the 


change in concentration can be represented as a 
function of the permeability of the membrane and 
| However, the data 


the active transfer mechanism 
calculation of 


presented here would not permit at 


functions. Our main concern at the 


bot! 


the individual 
moment is the effect of processes acting to 


gether which is embodied in k 
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Fig. 3 (Harris, Gehrsitz and Nordquist). Ac- 
cumulation of potassium during incubation of the 
previously refrigerated rabbit lens. (Medium 
modified Tyrode's solution with 0.01 M. 1-glutamic 
acid.) 

Precise conformity cannot be expected 
since the lens volume did not remain constant. 
It the reéstablished steady-state is not the 
original (normal) concentration, the equa- 
tion must be modified to reflect this fact. 

Irom the above considerations it is ap- 
parent that the degree of recovery of the 
normal value provides the best measure of 
the effect of various substances on the re- 
versal of the cation shift. A convenient and 
satisfactory index for such studies can be ob- 
tained by calculating the percent recovery as 
is done in Table 3. 

Since the normal value under optimal con- 


ditions is reached at three hours, calculation 
of the percent recovery should be made at or 
near this time. It will be noted that as the 
percent recovery reaches 100, any error in- 
troduced by virtue of a variable base line re- 
duces to zero. It is obvious, too, that a more 
satisfactory comparison is made with potas 
sium than with sodium. 


REVERSAL OF THE CATION SHIFT OBSERVED 


IN CALCIUM-FREE SOLUTIONS 


Having shown that the cation shift in- 
duced by a lowered metabolic intensity is 
readily reversed by the simple expedient of 
raising the metabolic rate, we investigated the 
reversibility of the shift produced by an al 
teration in permeability. 

It is known that calcium in the external 
medium markedly influences the permeability 
of animal membranes; when this ion is ab 
sent permeability is increased, and when it is 


present the permeability is decreased. The 


cation shift observed in the absence of cal- 
cium can be provisionally considered to be 
due to an increased permeability of the limit- 
ing lenticular barriers rather than to an al- 
tered metabolism.* 

Two lenses from the same animal were 


* This may not be true. Weekers* contended that 
lenticular glycolysis requires calcium. We observed 
no difference in the rate of utilization of glucose in 
modified Tyrode’s solution with and without calcium 


TABLE 3 
EFFECT OF GLUTAMIC ACID ON RECOVERY OF NORMAL POTASSIUM AND SODIUM CONCENTRATIONS 


DURING INCUBATION OF 


Potassium 
% Recovery (Mean)* 
Hours 
Incubation 


Without With 

Glutamic 
Acid Acid 

41 

53 

42 


Where: C i 
C,=Concentration after refrigeration 
C, = Initial concentration 


Glutamic 
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Sodium 


% Recovery (Mean)* 


With 
Glutamic 
\cid 


Without 
Glutamic 
Acid 


33 


15 


, =Concentration at any time T (incubation) 
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Fig. 4 (Harris, Gehrsitz and Nordquist). Excre- 


tion of sodium during incubation of the previously 
refrigerated rabbit lens. (Medium—modified Ty- 
rode’s solution with 0.01 M. /-glutamic acid.) 


allowed to incubate at 37°C. in modified 
Tyrode’s solution containing 0.01 M. /-glu- 
tamic acid but no calcium. After six hours, 
one lens was analyzed. Sufficient calcium to 
produce a final concentration of 10 mg. per- 
cent was added to the medium surrounding 
the other lens and incubation continued. 


The results are graphically represented in 


They indicate, beyond question, 


Figure 5, 


that the cation shift induced when the lens 


without 
Colcrum 


Calcium 
Added 
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Fig. 5 (Harris, Gehrsitz and Nordquist). Cation 
shift induced by calcium deficient medium and its 
reversal when calcium is added. The circles repre- 
sent potassium, the triangles sodium. 


was incubated in a medium devoid of calcium 
was reversed when the calcium was added, 


ACCUMULATION OF POTASSIUM AND SODIUM 
BY THE RABBIT LENS DURING INCUBATION 
AT 37°C, 

As a result of incubation subsequent to 
refrigeration, a lenticular potassium concen- 
tration in excess of the nognal level was oc- 
casionally observed (see fig. 3). To study this 
concentrating effect better, a series of experi- 
ments was performed in which one of a pair 
of rabbit lenses was analyzed immediately 
upon extraction and the other incubated at 


variable period of time in modified Tyrode's 


(without prior refrigeration) for a 


solution with or without glutamic acid. The 
results are shown in Figures 6 and 7. 

Here the difference between the concen- 
tration of potassium in the initial and in the 
incubated lens is plotted against time. Dur- 
ing incubation, a concentration of potassium 
in excess of the initial value was achieved. 
Indeed, a 20-percent increase above the in 
vivo level was occasionally observed. The 
uptake of potassium was linear with time. 

As in the previously cited experiments an 
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Fig. 6 (Harris, Gehrsitz and Nordquist). Ac- 
cumulation of potassium during incubation of the 
fresh rabbit lens. (Medium—modified Tyrode's solu- 
tion.) The thickness of the shaded base line at 0.0 
concentration represents the average difference in 
concentration of potassium between the two lenses 
of the same animal. 
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occasional decrease in the potassium concen- 
tration was noted, reflecting again the fact 
that a static medium was used. Trauma re 
sulting from extraction and handling of the 
lens may also have contributed to these oc 
casional failures. A similar increase in po 
tassium concentration above the in vivo level 
has been noted in erythrocytes incubated at 

The sodium &ipcentration was found to 
increase, also. The net result was, therefore, 
a rise in the concentration of total base in the 
lens, an increase which reached considerable 
proportions. (The average total base after 
16 to 24 hours’ incubation in media contain 
ing /-glutamic acid was 171.6 
gm, of water), This result concurs with our 
observation that the decrease in concentration 
of sodium during incubation following re 
frigeration of the lens was somewhat less 
than the increase in potassium concentration 
(figs. 3 and 4). 

It is to be admitted that an osmotic dis- 


parity between the bathing medium and any 


individual lens may have accounted for the 


increased concentration of base. However, 


the character of the curve substantially null 
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8 12 6 2 
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fied any possibility that this was the modus 
operandi, since the increase in potassium 
concentration continued over a period of 24 
hours. 

Experiments with deuterium oxide have 
demonstrated that simple osmotic equilibrium 
should be achieved within the first) few 
hours.* Moreover and of greater significance, 
an absolute increase in the potasstum and 
sodium content of the individual lens was 


observed (table 4). 


CHANGES IN THE HYDRATION OF THE LENS 


In addition to the shift in cations an up 
take of water is noted when the metabolic in 
tensity of the lens is lowered or the permea 
bility of its limiting barriers increased.* This 
is attributable to the colloid osmotic pressure 
of the lens, which becomes increasingly mani 
fest when the limiting cellular barriers are 
freely permeable to the anions and cations of 
the bathing medium, providing there ts no 
compensatory active transfer mechanism. If 
this concept of swelling is correct, a signifi- 


PABLE 4 
IN CATION CONTENT DURING INCUBATION 
OF THE FRESH RABBIT LENS 
Moditied Tyrode's solution with 0.01 M. 
/-glutamic acid) 


CHANG! 


(Medium 


Microequivalents Lens 


Hours 


Incubation Potal 


Base 
(K*+Na 


Potassium Sodium 


| 
| 
3 40.0 —0.3 
. 
+04 + Of 4+1.0 
ss 
6 40.4 ~ 0.5 
+1.2 + 1.1 +2.3 
“7 11 +1.0 0.1 40.9 
+ J 4 4-3.3 
-20 
163 +0.8 + +1.3 
+3.) + 1.6 
Pe 20 +2.9 + 1.9 +4.8 
+2.0 + 4.8 +68 
4 +1.1 $0.7 
+2.3 0.3 +7 0 
+1.4 2.7 -1.3 
—6.0 +13.2 7.2 
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TABLE 5 


CHANGE 


IN CATION AND WATER CONTENT DURING INCUBATION Of 


THE PREVIOUSLY 


REFRIGERATED RABBIT LENS 


(Medium 


Microequivalents / Lens 


Hours 


Incubation 


Potassium Sodium 


we wie 


cantly higher content (not concentration ) of 
total in the 
swollen lens. This has been observed. 

With the reéstablishment of normal met- 
abolic relationships, for example, raising the 


base should be demonstrable 


temperature after refrigeration, a decrease in 
the total base content and a dehydration of 
the 
However, not infrequently a rise in the total 


individual lens was noted (table 5). 
base was accompanied by a decrease in the 
water content per lens. 

This was observed even more strikingly in 
the lenses incubated without prior refrigera 
tion. Here an increase in total base and a 
decrease in water content was the rule. We 
have tentatively concluded that the hydration 
of the lens is due not only to a balance of 
osmotic forces (as measured by the summa- 
tion of changes in total potassium and so 
dium) but also to some other factor. This 
other factor appears to be influenced by the 
metabolism of the cell. 

Those procedures which promote an ac 
cumulation of potassium and excretion of 
sodium also favor a dehydration of the lens 


even though there is a concomitant increase 


Moditied Tyrode's solution with 0.01 M. /-glutamic acid) 


myg./Le 


+0) 
+0 


in the content of total base. Conversely, a 


decay of certain processes leads to a loss of 


potassium, a gain of sodium, an increase in 
total hydration. A 
thorough analysis of not 


lenticular 
this 
germane to the present thesis and will be pre- 


base, and 


process 1s 


sented in a future publication. 
Discussion 


When radioactive potassium and sodium 
are injected into the normal animal they 
readily tind their way into the lens.*-"' Thus, 
the lens barriers (the capsule and cellular 
membranes) are normally permeable to the 
positive ions.* The concept has been ad- 
vanced, therefore, that any particular steady- 
state represents a balance between an active 
transfer mechanism which tends to concen- 
trate potassium within and sodium without 
the cell and a passive diffusion which permits 
movement in the reverse direction along a 
concentration gradient. Our results substan 
tiate this concept in detail. 

First, an active transfer mechanism has 
been demonstrated. 

Second, reversible alteration of this active 
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+ 9.4 - 3.2 

+ §.4 — 1.0 
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+ 6.1 - §.4 +07 — 6.4 
+ 0.9 + 2.2 +31 + §.1 
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transfer process and of the permeability of 
the barriers has been shown to induce a 
reversible cation shift. 

Third, the kinetics of the uptake of potas- 
sium, and of the excretion of sodium meas- 
ured during incubation of the previously re- 
frigerated lens, fit the concept. 

It has been suggested that the active trans- 
fer mechanism in the erythrocyte’ and pos 
sibly other cells'® is limited to the excretion 
of the sodium ion, potassium accumulating to 
maintain electrical neutrality. If such is the 
case, one would predict that, with certain 
obvious exceptions, changes in the potassium 
and sodium content should be in opposite 
directions, that is, if potassium decreased, 
sodium would increase and vice versa. How 
ever, we noted an increase in both the potas- 
sium and sodium content when the fresh 
lens was incubated at 37°C. 
that there are two 


This might suggest 


* There ts littl reason to doubt that the lens 
fibers normally contain sodium 

First, the total sodium space that can be calculated 
from our data (13 percent of the lens volume) 1s 
vreater than the chloride space (8.7 percent) meas- 
ured by Langham and Dayson.” (The finding of a 
sodium than chloride space is not unex- 


A certain amount of chloride is probably 


higher 
pected ) 
intracellular: the cellular concentration of sodium 
is still higher 

Second, the transfer 


demonstration of an active 


of sodium and a reversible sodium shift provides 
presumptive evidence that the lenticular fibers con- 
tain this ton. 

calculated a “readily- 
from the dis 


Davson™ 
rabbit 


Langham and 
available space” of the 
tribution of Na™* between the 
vivo and found it to be less than the chloride space. 
Thus, within the time limit of their experiments 
radioactive sodium did not exchange with all the 


lens 


lens and aqueous in 


sodium of the lens 

This does not of necessity indicate that the fiber 
membranes are impermeable to sodium. Rather, the 
results emphasize the fact that exchange equilibrium 
hetween the lens and bathing medium must be very 
slow to obtain. 

The results of von Sallmann and Locke” with 
K*® show the same lack of exchange equilibrium 
with respect to potassium 

Parenthetically, it should be noted that our an- 
alyses represent only the average composition of the 
extracellular fluid of un- 
Probably our ex 
profound 


entire lens, including an 
volume and composition 
perimental procedures 
changes in the superficial than in the central fibers 


certamn 


produced more 


active transfer mechanisms, one for potas- 
sium and one for sodium, which are usually 
influenced by the same metabolic factors but 
which are capable of independent activity. 
More logically, however, such an increase in 
total base can be attributed to an accumula- 
tion within the lens of an acid ion, for ex- 
ample, a product of cellular metabolism. In 
addition, the increase in lenticular sodium, in 
particular, could result from an increased 
extracellular volume. 

Consequently, ‘the data presented provides 
no basis for concluding whether one or both 
cations are actively transferred. The concept 
of a cation pump superimposed on a perme 
able membrane is a convenient generalization 
that follows reasonably well from our present 


knowledge and provides a point of departure 


for future studies. However, extension of 
this concept to more detailed conclusions con 
cerning the events that transpire across the 
lenticular barriers is not possible at the 
moment. 

It seems reasonable to assume that the loss 
of potassium and gain of sodium by the lens 
during developing cataract represents either 
a decrease in the active transfer mechanism 
or an increased permeability of the cellular 
barriers or both. It is equally reasonable to 
conclude from the data here presented that 
the cation shift observed in cataract forma 
tion may be reversible, at least in the early 


stages. 
SUMMARY 


1. The loss of potassium and gain of so 
dium which are observed when the metabo- 
lism of the lens is decreased by refrigera 
tion were found to be reversible when the 
temperature of the lens was raised to 37°C., 
potassium re-entered the cell and sodium was 
excreted from it. 

2. Glutamic acid enhanced the accumula 
tion of p itassium by and excretion of sodium 
from the previously refrigerated rabbit lens 
during incubation at 37°C. The kinetics of 
the cation shift were determined. 

3. The cation shift toward a true equilib 
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rium induced in a calcium deficient medium _ that any ¢ ation ratio is a balance between two 
was reversed when calcium was added. opposing movements of cation, one against a 

4. A gradual increase in the concentration concentration gradient which is due to an 
of potassium and sodium by the lens was active transfer mechanism and the other with 
noted during incubation of the fresh lens. a concentration gradient representing a pas- 
This was due to both an increase in the total sive movement through normally permeable 
amount of cation and a dehydration of the barriers. 
lens. 

The results confirm the current concept 3181 SW. Marquam Hill Road (1) 
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[DISCUSSION 


Jonas S. FRrRIepeENWALD (Baltimore): I raised to 37°C. cannot be attributed to such a 


sure Dr. Harris is familiar with the modern work mechanism since the potassium gained is roughly 

that has indicated that potassium accun ulation is equivalent to the sodium lost 

related in many imstances to organi phosphates 

within the cells in which the potassium ts ac Dr. Lupwic von SALLMANN (New York): May 

cumulated. That has been shown on the red cells I ask Dr. Harris whether he detern ined the cation 

and on the color bacillus and alse recently by Dr. shift in the ¢ irly stages of cxperanem al cats iract: 

Ling, in our laboratories, on the retina In preliminary experiments in which flame photom 
1 wonder whether Dr. Harris has done any etry was used for determinations of sodium con 

studies on organic phosphate in the lens in relation tent, we were unable to establish any imcrease of 

to potassium accumulation this cation in lenses irradiated with a relatively 


high dose one week prior to the determination 
Dr. Hares: No, we haven't Dr. Friedenwald, 
but that certainly is indicated. The ace umulation of Dr. Harris: We have underway now such series 
ubation of fresl of experiments, Dr. von Sallmann, using the lens 
f the alloxanized rabbit as our test lens. So far, we 


potassium that we observed on u 
lenses is possibly due to an increase in some acid « 

! have carried our animals only to five weeks’ post 
njection. All I can say is that our experiments are 


ion, most likely an organic phosphate. The observec 


increase in total base of the lens supports such a 


view. However, the reversal of the cold-induced iopeful. They indicate that a cation shift occurs 


cation shift that occurs when the temperature ts and that it is reversible in vitro but it would be 


0 JOHN F. HARRIS, LETA B 


hazardous to draw any definite conclusions at the 
present time. 

Concerning radiation changes, | would anticipate, 
as | imagine you do, that after a sufficient period, 
postirradiation, the cation shift would be observed 
Your studies with radioactive sodium and potassium 
indicate that such was certainly the case 

Dre. Davin (Chicago): We have been 
doing some work at Northwestern University along 
the lines mentioned by Dr. von Sallmann, determin- 
ing sodium, potassium, chloride, and total water in 
the lens following irradiation, and I would like to 
add that we, too, have found absolutely no changes 
in sodium or potassium before the advent of very 
obviously clinically perceptible cataracts 

As a matter of fact, the only gross changes in 
potassium and sodium occurred with what might be 
called mature cataracts. However, there were some 
very early changes in chlorides, in so-called chloride 
space, and in the water of the lens, which made us 
think that the first change was an uptake of water, 
perhaps intracellularly, by the fibers themselves. 

I do not mean to imply at all that alteration in 
chloride concentration is responsible for the forma 
tion of cataract. | am sure that anions and cations, 
per se, have nothing to do with this. They are 
simply the reflection of a breakdown in metabolic 


processes 


Dr. Harris: That is very interesting. We have 
not determined the chloride content of our lens but 
perhaps it would be a more sensitive index of what 
we are attempting to measure than is the change 
in the cation content. 

We considered the question of the “chloride” and 
“sodium space” of the lens in the body of our paper 
but omitted it here for the sake of brevity. The 
“sodium space” which can be calculated from our 
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analyses is greater than the “chloride space” which 
Langham and Davson determined. This is not un 
expected, ot course 

Langham and Davson also calculated a “readily 


available space” from the distribution of radio 
active sodium between the lens and aqueous in vitro 
This value turned out to be smaller 


than that which can be determined by direct anal 


considet ably 


ysis 

To me, this discrepancy reflects and emphasizes 
the fact that transter equilibrium between the lens 
and extralenticular fluid may be slow to obtain 
This is not surprising since the ratio of the surface 
area to the volume of the lens is small 


Dre. Davin G. Cocan (Boston): Dr. Harris, 
would it be a reasonable question to ask what the 
site is of this secretory activity ? 

Would it be a reasonable experiment to immerse 
a lens half-way into the fluid media; first the an 
terior surface immersed, and then the posterior sur- 
face immersed. In that way you might determine 
whether it is a vital activity of the epithelium that 
is responsible for it, or whether it is a property 
of the capsule by itself 


Dr. Harris: That would be an extremely in- 
teresting experiment. We have not done it. We 
routinely rest the lens on its posterior surface be 
cause we feel that the changes are more likely to 
be occurring across the anterior surface 

We have thought all along that the barrier across 
which the active transfer occurs is a cellular mem 
brane and that the capsule acts as a simple inert 
passageway. Before the meeting this morning, how- 
ever, Dr. Dische told me that the data he will pre 
sent today indicates that the capsule may not be an 
inert structure and that this 
cations may also occur across the capsule 


active exchange ot 


CONTRIBUTIONS 


TO THE ENZYMOLOGY OF THE NORMAL AND 


CATARACTOUS LENS! 


Ill. ON THE CATALASE OF THE CRYSTALLINE LENS 


kK. A. ZELLER, M.D.* 


Chicago, Illinois 


In a number of biologic systems, the ex- 


clusion of oxygen reduces the effects of 


ionizing irradiation. In an attempt to inter 
pret this phenomenon, some authors con 
that, in the 


cluded presence of 


hydrogen peroxide is formed by 


oxygen, 
ionizing 
irradiation. The peroxide in turn acts on 
various chemical groups and thus disturbs 
the chemical organization of the cell. 

If this conclusion were correct, the catalase 
(and peroxidase) activity of a given tissue 
must be of considerable importance to the 
mechanism of action of 1onizing irradiation 
since, at low catalase concentration, the 
enzyme destroys certain peroxides, while at 
high concentration it functions as a peroxi- 
dase and thus helps to promote the irradia- 
tion effect. 

Since, as it is well known, the lens is sen- 
sitive to irradiation, it seemed to be of in- 
terest, for the reasons already given, to study 
the catalase activity of the crystalline lens 
and thus to make some systematic contribu- 
tions to the enzymology ot the normal and 
cataractous lens. 

There exists only one reference on lens 
catalase in the literature. The experiments 
described there were carried out at a very 
early period, and, accordingly, a rather prim- 
itive method for determination was used. In 
addition, lens extract (from hog eyes) was 
not separated from the corpus vitreous. 
Nevertheless, the result indicated that there 
is little catalase activity in the lens. Actually, 
values are so low that, in order to obtain 
reliable results, a special method had to be 
developed, of which a description follows : 


North 
western University Medical School. This study was 
supported in part by funds provided under contract 
\T (11-1) 118 between Northwestern University 
and the U.S. Atomic Energy Commission, 


* From the Department of Biochemistry, 


PREPARATION OF LENS HOMOGENATI 


After removal of the lens from the eye, 
it is rolled on filter paper in order to remove 
traces of aqueous, vitreous, and iris. This 
procedure is repeated after rinsing of the 
lens with 0.9-percent sodium-chloride solu- 
tion. The weighed material is transferred 
into a glass homogenizer containing saline. 
Homogenization takes place for three to five 
minutes in a bath of ice water, while care is 
taken to produce as little frothing as possible. 


TITRIMETRIC PROCEDURES 


The activity of lens catalase is so minute 
that the classical procedure® which requires 
the titration of nondecomposed peroxide by 
0.005 molar permanganate is by far not sen- 
sitive enough. Since the lens homogenates 
used are highly concentrated, the accuracy 
of the titration will also suffer from side 
reactions between permanganate and impuri- 
ties. 

In experiments in which purified catalase 
was added to lens homogenates, the iodo- 
metric determination’ turned out to be more 
satisfactory. In addition, the titrimetric pro- 
cedures do not allow the use of optimal 
hydrogen concentrations which are in order 
of 0.5-molar solution® but require approxi- 
mately 0.01-molar peroxide. 


\MIANOMETRIC PROCEDURES 


It should be possible to measure catalase 
activity manometrically by following the 
liberated oxygen and thus avoid some of the 
disadvantages of the titrimetric procedures. 
Such attempts have been made repeatedly. 
However, it was shown that the values ob 
tained by manometric methods are too low, 
between half and less than one tenth of those 
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obtained by titrimetric methods, 


> 


Since it was found that catalase is in- 
activated by adsorption on glass surfaces,’ 
it is very likely that the extremely small 
amounts of catalase usually present in the 
reaction mixture are in part adsorbed by the 
wall of the manometric vessel. By adding an 
inert protein such as gelatin® to the solution, 
the glass wall is covered by this protein and 
the adsorptive inactivation of catalase may be 
prevented. 

The same function should be performed 
by the high protein content of the lens 
homogenates. This is indeed true, as shown 
by experiments in which purified beef-liver 
catalase was added to 
(table 1). The combined catalase-lens homog- 
enate solution is 2.3 times more active than 


lens homogenates 


the sum of activities of the individual com- 
ponents. 

When hydrogen peroxide solutions are 
shaken in the Warburg apparatus, a sponta- 
neous decomposition occurs which is of the 
same order, sometimes even higher, than the 
liberation of oxygen taking place in the 
presence of lens homogenate. 

From such experiences, it was concluded 
that either the glass wall of the reaction 
vessel or traces of heavy metals accelerate 
the nonenzymic decomposition of hydrogen 
peroxide and that the proteins of lens homog- 
enate prevent this action, for example, by 
binding heavy metal ions. It has to be men- 
tioned here that glass-distilled water was used 


throughout all these studies. 


TABLE 1 


INFLUENCE OF LENS HOMOGENATE ON MEASURE- 
MENT OF PURIFIED CATALASI 


Micromoles O, 


Lens Catalase 
Homogenate (ug) alter SIX 
Minutes 

- 0.66 0.8 

0.2 0.66 

1.0 0.7 


Cattle lens, stored four weeks in deep freeze, 
homogenized with five volumes of 0.9 per cent saline 
Purified beef-liver catalase, obtained from Armour 


Phosphate buffer: pH 6.8, 15 (final H.0.-concen 


tration: 0.5 M. Volume: 1.5 ml. Temperature: 


19.6°C. Enzyme blanks subtracted. 
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rABLE 2 


NONENZYMIC DECOMPOSITION OF 
HYDROGEN PEROXIDI 


Oxyeen 
Production 
(micromoles) 


Preparation 


1.0 
Lens homogenate | 2.( 
Heated homogenate | 0.3 


Homogenate prepared from freshly removed rab- 
bit lenses. Part of homogenate heated for 15 minutes 
in a water bath of 60°C. 

Measurement of oxygen production after 30 
minutes of incubation. For other experimental con- 
ditions see Table 1. 


In order to prove this assumption, non- 
catalase proteins such as egg albumin and 
heat inactivated lens homogenate (table 2) 
were added to the hydrogen-peroxide solu- 
tion under the conditions of catalase deter- 
mination, 

As indicated by the results of Table 2, the 
presence of lens proteins, obtained by gentle 
heating, reduces the spontaneous decomposi- 
tion of hydrogen peroxide to a third. A 2.6 
percent solution of recrystallized egg albu- 
min* reduced, under similar conditions, the 
oxygen output from 2.1 to 0.8 micromoles. 
For the calculation of the results, the values 
obtained from experiments such as described 
in Table 2 were used. 

Other reaction conditions regarding tem- 
perature and buffer solutions were taken 
wer from the literature (see list of refer 
ences), The conditions, as described in Table 
1, furnish reproducible values. Before the 
adoption of this procedure, some experi- 
ments were carried out at a temperature of 
38°C. with a substrate concentration of 0.01 
molar. 

The Q-values (micromoles of oxygen per 
hour and per gram wet tissue) range from 
30 to 110 for rabbit and cattle lenses (stand 
ard procedure) and from 16 to 30 for dog 
lenses (38°C.). Some of the variations are 
probably due to the fact that not only fresh 
lenses but also material stored in a deep- 
freeze for several weeks were used. 


*T am indebted to Dr. H. B. Bull for a sample 
of recrystallized egg albumin 
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These values are lower than those reported 
for all other tissues, with the possible ex- 
ception of leukocytes.? Thus, it seemed to 
be possible that the small catalase activity 
may be due to a contamination coming from 
surrounding tissues. But the determination 
of catalase activity of the aqueous and 
vitreous revealed values of the same order as 
found in the lens. In cattle vitreous, Q values 
of 19 and 39 (at 38°C.) were obtained. Re- 
sults on aqueous will be presented in another 
paper. 

In order to get some information about the 
distribution of the enzyme, the cattle lens 
was dissected by frontal cuts into three sec 
tions of approximately equal size. So far as 
our method permits us to make any conclu- 
sion, there is no difference in activity in the 
different sections of the lens. 


CHARACTERIZATION OF LENS CATALASE 


Since so many agents are able to catalyze 
the decomposition of hydrogen peroxide, it 


TABLE 3 


HEAT LABILITY OF LENS CATALASI 


Inhibition 


Temperature oO 
(percent) 
No heating 32 J 
50°C. 30 6 
18 44 
60°C. 0 100 
Cattle lens homogenate heated in water bath for 


15 minutes at temperatures given in above table 
Same conditions as described in Table 1. 


OF CRYSTALLINE LENS 53 


was considered to be necessary to check if 
the reaction already described actually is 
caused by catalase. 

As the results listed in Table 3 indicate, 
the agent is destroyed in part at 55°C. and 
completely at 60°C. The homogenates can be 
dialyzed overnight without loss of activity. 
In a quick-dialyzer® which removes quanti 
tatively 0.9-percent sodium chloride from the 
dialysis casing within three hours, the ac 
tivity dropped in three hours to half of the 
activity (rabbit lens, measured at 19.6°C.). 
inhibits catalase. 


the degradation 


Hydroxylamine strongly 
In rabbit lens homogenate, 
of peroxide (at 38°C.) was completely in 
hibited by 10° molar hydroxylamine solu- 
tion, while 10°° molar produced an inhibition 
of 70 percent. In dog lens homogenates 10° 
molar sodium azide, another inhibitor of 
catalase completely blocked the evolution of 


oxygen (38°C.). 
CONCLUSIONS 


In the lens of three species, a definite but 
very small amount of hydrogen peroxide de- 
composing capacity was found, The agent 
responsible for this reaction is heat-labile, 
does not dialyze through membranes and is 
blocked by typical catalase inhibitors. Thus, 
if hydrogen peroxide were produced in the 
lens in the course of ionizing irradiation, 
little protection to this organ can be given by 


its catalase. 
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THE CONTENT IN GLUTATHIONE AND NUCLEOTIDES OF THE LENS 
CAPSULE AND ITS RELATION TO LENS PERMEABILITY* 


ZACHARIAS Discue, M.D., G. Pu.D., C. Munoz, A.L., 
VON SALLMANN, M.D. 


AND 


New York 


Changes in the permeability of the lens 
are considered by some authors'’~ to be a 
causative factor in certain types of cataract, 
such as galactose diabetes and radiation cata 
ract. These changes could affect the lens 


capsule, the lens epithelium, or the tibers of 


the lens. 

The lens capsule is generally considered to 
be an inert membrane chemically related to 
the intercellular substance of the connective 
tissue. 

It seems, therefore, reasonable to expect 
that it will be metabolically inactive or less 
active than the cellular elements of the lens. 
It can be also assumed that it will differ in 
its composition, as far as certain intracellular 
constituents are concerned from the other 
elements of the lens in the same way as the 
intercellular substance of the connective tis- 
sue differs from its cellular constituents. 

These differences in the composition be- 
tween the cells and their surroundings are 
either due to the impermeability of the sur- 
face membranes for the respective constitu- 
ents or due to a one-sided permanent active 
transport of those constituents driven by 
metabolic processes. The latter seems to be 
the case, according to Hlarris,° as far as 
electrolytes are concerned. 

Other constituents of the living cells which 
are in general absent in the intercellular fluid 
like mono- and polynucleotides and gluta- 
thione are probably unable to permeate the 
surface membrane of the normal cell. Any 
injury, however, to the cellular elements can 


* From the Department of Ophthalmology, Co 
lumbia University College of Physicians and Sur 
geons, and the Institute of Ophthalmology, Pres 
byterian Hospital. This work was performed under 
Contract # AT-30-1-Gen. 70 of the Atomic Energy 
Commission 
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increase the permeability of this membrane 
for these substances and thus lead to their 
leakage into the cellular environment. 

On the basis of these considerations, it 
could be expected that the inert capsule of 
the lens would be lacking in glutathione as 
well as in such mono- and polynucleotides as 
adenosinetriphosphate (ATT) and the coen 
zymes | and I], substances which play a 
predominant role in the cellular metabolism. 

Changes in the permeability of the epi 
thelium and of lens fibers would cause a leak- 
of 
capsule. The content of the latter in these 


age these substances into the lenticular 
substances, therefore, could serve as an in 
dication of increased permeability of the sur- 
face of the lens due to injury. 

If such injury plays a role in the patho 
genesis of certain forms of cataract, it should 
be possible to detect it by comparing the 
content of the lens capsule in glutathione and 
nucleotides under normal conditions with 
those prevailing in the early stages of the 
cataractous process. 

To test. this possibility we determined 
glutathione and the total nucleotides in the 
stripped-off lens capsule of beef and rabbit, 
under conditions approaching, as far as 
possible, normality, as well as under condi 
tions which could be expected to inerease 
the permeability of the cellular clements of 


the lens. 
PERIMENTAL 
MATERIAL 
The 


slaughter house. The eves were supposed to 


beef eves were obtained from the 
be removed a short time after the death of 
the animal and to remain for about one to 
three hours in rooms cooled down to a few 


centigrades. They were brought to the labo 
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ratory packed in ice and the lenses. were 


removed not longer than one-half to one 
hour after their arrival in the laboratory. 
The rabbit eves were enucleated immediately 
after the death of the animal and used im- 


mediately for the experiment. 


PREPARATION OF THE CAPSULES 


Beef eves were opened by excision of the 
cornea, one radial incision was made on the 
iris and ciliary body, which were then ripped 
out in toto. The zonular fibers presented 
themselves thus clearly and could be severed 
all around with sharp scissors without in 
jury to the capsule. 

The lens was then rotated so that the ad- 
herent parts of the vitreous could be re- 
moved. In the usual procedure, a CTOss Sec- 
tion was carried out through the posterior 
cortex and the capsule, and the lens was then 
placed with the anterior surface down on a 
slide. 

The lens capsule with the adherent poster- 
ior cortical layers was spread to allow the 
removal of the nucleus from the surface 
strata. The separation of the cortex from 
the lens capsule and epithelium could be 
achieved easily by lifting up the fibrous ma- 
terial at the proper plane. 

Preparations were also made by equatorial 
incision of the lens capsule. In this case the 
anterior half of the lens capsule was pre- 
pared similar to the previously described 
technique ; whereas, the posterior lens cap- 
sule could be drawn off the cortex in one 
piece by means of a tine forceps. 

The removal of the lens epithelium from 
the lens capsule was carried out by scraping 
with a scalpel-like instrument under observa- 
tion with the biomicroscope or under loupe 
the reflected 


focused beam, which gave assurance that no 


magnification in light of a 
epithelium had remained on the capsule. 

In a few instances, the capsule prepara- 
tions were embedded for histologic examina- 
tion to confirm the absence of epithelial cells. 
In several series the anterior lens capsule 
was divided by fine scissors into the equator- 
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ial part and the central portion, which were 
then treated separately. 


ANALYTICAL METILODS 


For the determination of the nucleotides 
and glutathione, the lens capsules were de- 
proteinized by the addition of enough tri- 
chloroacetic acid to make its final concentra- 
tion five percent. The material was left for 
two hours in the icebox, to assure complete 
extraction, and centrifuged. The supernatant 
was used for the determination. 

For the determinations in beef lenses, five 
to 10 capsules, in the case of rabbits, four to 
five capsules, were used for every set of 
determinations. Reduced glutathione was de- 
termined by the color reaction with glucose 
and tryptophane in H.SO,, described pre- 
viously.* Nucleotides were determined by the 
orcinol reaction, using the technique de- 
scribed in 1937 by Dische and Schwarz.* 

The density of the green solution in this 
reaction was measured at 665 millimicrons 
with Beckman spectrophotometer, at which 
wave lengths pentoses show the maximum 
absorption. 

The lens capsule was found, however, to 
contain a considerable amount of glucose 
which in the orcinol reaction gives a yellow 
color instead of the green color of pentose. 
When the concentration of glucose exceeds a 
certain limit, the vellow reaction products 
give a sufficient strong absorption at 665 to 
cause a significant error in the determination 
of nucleotides. This error was eliminated in 
the following way : 

With every set of the lens capsule ex- 
tract, a standard of muscle adenylic acid 
(MAP) and of glucose was run. The ab- 
sorption at 665 my of the known was com- 
pared with that of the muscle adenylic acid 
and glucose standard. Afterward a wave 
length around 580 my was found at which 
the density of the glucose standard was iden- 
tical with that at 665 my. This procedure was 
necessary because the absorption maximum 
for glucose in this reaction is not as con- 
stant as that for nucleotides. 
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The difference in the density of the un- 
known at 665 and 580, designated Dggs-Dsso, 
which is zero for glucose, is a measure for 
the muscle adenylic acid of the nucleotide in 
the unknown as well as in the muscle adenylic 
acid standard. The quotient Dggs-Dsso of the 
unknown divided by Dges-Dsso for the stand- 
ard gives the concentration of nucleotides in 
the unknown expressed in terms of muscle 
adenylic acid. 

The nucleotide fraction of living tissue 
consists mainly of adenosinetriphosphate, of 
coenzymes I and II, and coenzyme A. When, 
in carrying out the orcinol reaction, the re- 
heated 20 minutes at 


the extinction coefficient of adeno- 


action mixture is 
100°C., 
sinetriphosphate and the three coenzymes is 
practically identical. The total value for 
nucleotides obtained in this way represents 
the total concentration of muscle adenylic 
acid in the tissue present in form of free 
muscle adenylic acid, adenosinetriphosphate, 
or in form of coenzymes. 

When the heating period, however, is 
only three minutes instead of 20 minutes, the 
muscle adenylic acid, present in form of the 
oxidized form of coenzymes I and II, reacts 
only half as strong as muscle adenylic acid in 
the form of adenosinetriphosphate. 

By determining therefore, the total nucleo- 
tiles expressed in terms of muscle adenyli¢ 
acid after three minutes and 20 minutes of 
heating the reaction mixture, we are able to 
determine whether the unknown contains the 
I and 


centration of coenzyme A is much smaller 


two coenzymes, Il, and as the con- 
than that of coenzymes I and II, we can also 
this total 
oxidized coenzymes [and II in the nucleotide 


estimate in way the amount of 


fraction, 
ReSULTS 
1. The content in glutathione and nucleo- 
tides in lens capsules covered by epithelium 
In the first series of experiments, gluta- 
thione and total nucleotides were determined 


in the anterior and posterior lens capsules 
separated from the lens. The anterior capsule 
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under these circumstances is covered by the 
epithelium. The results of these determina- 
tions are presented in Table 1. 

As can be seen, the values for glutathione 
in the anterior lens capsule in eight determi- 
nations carried out on groups of five to 10 
lenses ranged between 55.4 and 78.1 mg. per- 
cent in beef, and between 152 and 223 in 
three groups of five rabbit lenses, and the 
values for the total nucleotides expressed as 
muscle adenylic acid, between 34 and 83 mg. 
percent in beef lenses, and 103 and 120 mg. 
percent in rabbit lenses respectively (table 2). 
In the percent of nitrogen the values for glu- 
tathione varied between 3.8 and 5.9 percent, 
for nucleotides between 3.2 and 5.6 in beef 
capsules. In posterior beef capsules, in four 
determinations, 62.7 to 76 mg. percent gluta- 
thione and 53.3 to 134 mg. percent nucleo 
tides were found per 100 gm. of wet weight. 

2. Glutathione and nucleotides in capsules 
deprived of epithelium. 

The weight of the epithelium as calculated 
from histologic data can be assumed as 2.0 
mg. for a beef lens and 0.5 for a rabbit lens. 
These represent only about one twentieth of 
the weight of the anterior lens capsule. It 
seemed, therefore, from the beginning, im 
probable that the amount of glutathione and 
nucleotides found in the capsules would be 
derived exclusively from the epithelium. 

To exclude this possibility, however, we 
carried out a series of determinations of 
these substances on beef lens capsules from 
which the epithelium was scraped off, as 
described previously. Two sets of these ex- 
periments were carried out. 

In the first series, the determinations were 
performed on the whole anterior capsule 
deprived of the epithelium; in the second 
series, the anterior capsule was divided in a 
central part and in an equatorial part, the 
first representing about one third of the total 
weight of the capsule. This was done because 
the scraping off of the epithelium appeared 
to be much more complete on the central part 
of the lens than the peripheral part. 

Glutathione and nucleotides were then de- 
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TABLE 1 


CONTENT IN GLUTATHIONI 


Num- 
ber ot 


I cTises 


Preparation 


Anterior capsule plus 10 
epithelium 
Posterior capsule 


Anterior capsule plus 
epithelium 


Anterior capsule minus 
epithelium 
Epithelium 


\nterior capsule minus 
epithelium 

a) Equatorial part 

b) Central part 

Epithelium 


Anterior capsule plus 
epithelium 

a) Equatorial part 

b) Central part 

Posterior capsule 


Anterior capsule plus 
epithelium 

a) Equatorial part 

b) Central part 

Posterior capsule 


Anterior capsule plus 
epithelium 


Anterior capsule plus 
epithelium 


Anterior capsule plus 
epithelium 

a) Equatorial part 

b) Central part 

Posterior capsule 


\nterior capsule plus 
epithelium 

a) -Equatorial part 

b) Central part 


AND NUCLEOTIDES OF 
NUCLEOTIDES EXPRESSED IN TERMS OF 


Wet 
Weight 


(in mg.) 


ROVINE LENS CAPSULE AND ITS PARTS: 
ADENOSINE-5-PHOSPHATE 


Nitro- 
gen in 
Percent 
Wet 
Weight 


Glutathione Nucleotides 


1.52 


&3 
66 


* Calculated as sum of the values for the equatorial and central parts. 


\=Values in mg. per 100 gm. wet weight. 
B=Values in mg. per 100 mg N. 


termined in the two separated parts of the 
capsule. The scraped-oft epithelium was also 


deproteinized by trichloroacetic acid and 


glutathione and nucleotides were determined 
in this extract. The results from two such 


experiments are presented in Table 1 (Ex 


periments 142 and 164). 

While all the values for the lens capsule 
are calculated in mg. per 100 gm. wet weight, 
as well as in mg. per 100 mg. nitrogen, the 
values for the epithelium are only calculated 
in percent of nitrogen, as it was impossible 


ment 
\ B A B 
145.4 §3.3 4.9 1.07 
7.4 7.24 
4.6 5.5 
2.8 3.7 
7 8.8 
170 10 359 70.3* 68 .4* $.9* 161* 
258 73.5 5.4 71 5.3 136 
101.6 54 27 61 3.6 2.00 
| 98 76 7 76 6.6 1.14 
171 61.8* Ry &3* 1.56* 
206.3 66.4 85 6.2 1.28 
71.9 18 77 3.8 7? 08 
75.3 68 5.4 134 PY 1.18 
172 9 329 .1* .9* 
230 76 7 5.6 
299 80.0 3.5 
105.5 62.7 5.5 
158 10 421° 70.5" §.2° 
273 ie 6.5 129 
2 3.4 192 
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TABLE 2 


GLUTATHIONE 


Experi- Number Wet 
ment of Weight 
No. Capsules (in mg.) A 
167 5 51.2 223 
166 5 58.7 198 
138 5 49.2 152 


A =Values in mg. per 100 gm. wet weight. 
B= Values in mg. per 100 mg. N. 


to weigh accurately the small amount of 
substance scraped off the surface of the 
capsule. 

As can be seen from Table 1, the values 
for glutathione and nucleotides in the lens 
capsule after scraping off the epithelium do 
not essentially differ from those found in the 
intact capsule covered by epithelium. 

The epithelium itself contains about 150 
to 200 percent as much glutathione and 
nucleotides calculated on the basis of nitro- 
gen as the lens capsule itself. If we assume 
that the protein content of the epithelium is 
about 20 percent of the wet weight, as is 
generally found in epithelium cells, then the 
concentration of glutathione and nucleotides 
by wet weight in the scraped-off epithelium 
seems to be essentially the same as that in 
the capsule itself. 

3. Effect of storage of eyes on the content 
in glutathione and nucleotides of the lens 
capsule. 

When the whole globe is kept for a few 
hours at room temperature or even at zero 
degrees, a considerable anaerobiosis of the 
lens must develop which can be assumed to 
cause injury to the epithelium and the super- 
ficial fibers of the lens. Under these condi 
tions, therefore, an increase in permeability 
of these cellular elements can be expected, 

The content in glutathione of the outer 
most part of the beef lens can be assumed to 
be about 250 mg. per 100 gin. wet weight. 
The content in nucleotides of the outermost 


part of the lens, the diameter of which cor 


responded to one fifth of the total diameter 


Glutathione 


AND NUCLEOTIDE CONTENT IN RABBIT TOTAL LENS CAPSULES 


Nitrogen in 
Percent Wet 


Total Nucleotides 


B A B Weight 
14.5 120 7.8 1.54 
15.4 103 8 1.29 
10.7 119 8.3 1.42 


of the lens, was found in this laboratory 
( Dische and Borenfreund) to vary between 
100 and 120 mg. percent in terms of muscle 
adenylic acid. 

The content in glutathione of the lens 
capsule of beef therefore corresponds to 
about one sixth to one third of that in the 
superficial parts of the lens and that of 
nucleotides to one third to two thirds. An 
increase in the permeability, therefore, of 
the surface layer of the lens and of the 
epithelium should manifest itself by an in 
crease in the amount of these two substances 
in the capsule. 

To test that, we first determined the varia 
tions in the concentration of these substances 
in two groups of 10 lens capsules each, which 
were stripped off simultaneously from eves 
which all belonged to one single batch 
brought from the slaughter house. We found 
that, under these conditions, the deviation in 
the content in glutathione and nucleotides did 
not exceed 15 percent. 

After that we determined these substances 
in lens capsules of beef which were left three 
to six hours either on ice or at room tem 
perature, and compared them the 
amounts of lens capsules stripped off from 
lenses of the same batch of eves immediately 
after their arrival from the slaughter house. 

As can be seen in Table 3, no marked in 
crease in the content of nucleotides could be 
observed when the incubation at 4°C. did not 
exceed three hours. Glutathione, however, 
was already somewhat increased after this 


period of time. After incubation of six hours 
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PrABLE 3 


EFFECT OF STORAGE OF ENUCLEATED EVES ON THE CONTENT IN GLUTATHIONE AND 
NUCLEOTIDES OF THE LENS CAPSULE 


Experi- lime and Glutathione Nucleotides 


No. of 
Preparation Temperature 


ment 
“ of Storage A B A B 


No 


139 10 Anterior capsule 0 6. 3.6 
minus epithelium 2°40’ at 4 3.8 


10 Anterior capsule 0 . 0 
minus epithelium 2°40’ at 4 6.3 


\nterior capsule 
minus epithelium 
a) Equatorial part 


0 
hat R.T.+16" at 4° 
0 


b) Central part 
at R.T.+16" at 4° 


Anterior capsule 
plus epithelium 
a) Equatorial part 
at R.T 
b) Central part 
‘at R. 


Anterior* capsule 
plus epithelium 3* at R. 


180 \nterior capsule 
plus epithelium at R. 


181 } Anterior capsule 0 
plus epithelium at R.T.+16" at 4 


* Caiculated from values for equator and central part. 
A=Values in mg. per 100 gm. wet weight. 

B=Values in mg. per 100 mg. N. 

Nucleotides in term of adenosine-5-phosphate. 


at room temperature, the content in nucleo- after incubation in situ for no longer than 
tides was also significantly increased. three hours at 4°C, may be either due to the 
These results suggest that the changes in fact that the permeability during this period 
the permeability of the surface layer of the is not significantly affected, or to the fact 
lens develop slowly during the storage of — that the glutathione, as well as nucleotides in 
the eves and, only after at least six hours, are the lens capsule, are permanently metabo- 
sufficiently great to permit a greater amount _ lized. 
of nucleotides to pass into the capsule. During this period, the decrease in amount 
As glutathione has a lower molecular due to this breakdown could be c« mpensated 
weight of about 300 against the molecular by the slow leakage of these substances from 
weight of the nucleotides, which varies be- the surface layers of the lens. 
tween 500 and 700, the increase in the con- To test this possibility we incubated lens 
centration of the first substance appears capsules containing the epithelial layer, as 
earlier than that of the second one. well as those deprived of it, for several hours 
4. Effect of incubation in vitro of dry lens — either at room temperature or at 38°C. and 
capsules on their content in glutathione and determined the effect of this incubation on 
nucleotides. the amount of glutathione and nucleotides. 
The absence of a significant change in the — Two series of experiments of this type were 
content in nucleotides of the lens capsule — carried out. 


59 
159 10 
5.8 3.8 
( 10.4 4.7 
4.1 1.9 
8.1 2.4 
158 10 
0 83.6 6.5 32.8 2.4 
112 8.7 47.9 3.7 
0 66.2 3.6 34.9 1.6 
89.5 4.4 37.8 1.7 
175 10 0 34.2 2.0 
r. 38.5 2.8 
0 35 
87.5 
| 


In the first one, the lens capsules were 
transferred into air-tight vessels without any 
addition of fluid, kept for four to six hours 
at room temperature and then immediately 
deproteinized by the addition of trichloro- 
acetic acid. The same number of capsules 
deproteinized immediately after the separa- 
tion from the lens served for the determina- 
tion of the initial values. 

In a second series of experiments, five 
lens capsules were suspended in 1.0 ce. 
of a balanced salt solution recommended by 
Krebs,® which has pH of 7.4, identical with 
the normal pH of the lens. Vessels contain 
ing the experimental samples were either 
left again for four to six hours at room 
temperature, or they were shaken in a water 
bath at room temperature in presence of pure 
oxygen to assure maximal supply of oxygen 
or nitrogen. The results of these experiments 
are presented in Table 4. 

As can be seen from Table 4, in lens 
capsules incubated at room temperature for 
without fluid, 
glutathione as well as nucleotides decrease 


six hours any addition of 
to a very considerable extent, the first one 
by 65 to 80 percent, and the second one 30 to 
60 percent. In samples which were suspended 
in the balanced salt solution and kept in an 
air atmosphere without any shaking, the 
decrease of glutathione was less pronounced 
part of the 


lens. The decrease of nucleotides, however, 


especially in the equatorial 
was not significantly affected (Experiment 
174). 

In Experiments 179 and 176 in which the 
samples were suspended in the salt solution, 
shaken in an oxygen atmosphere, the de- 
crease in glutathione was as much as 90 per- 
cent. This shows clearly that the disappear- 
ance of glutathione is dependent upon the 
presence of oxygen in the atmosphere and 
consists in a catalyzed oxidation of this sub- 
stance. The breakdown of nucleotides, on the 
other hand, seems to be independent of the 
oxygen and proceeds in an atmosphere of 


nitrogen. 
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Discussion 

Our observations demonstrate the presence 
of glutathione and various types of nucleo- 
tides in the stripped-off lens capsule of beef 
lenses, as well as rabbit lenses. The main 
bulk of these substances is present in the 
fibrous membrane itself and not in the epi- 
thelium, and the concentration by wet weight 
varies between 15 and 30 percent for gluta- 
thione and between one third to two thirds 
for nucleotides to that found in the super 
ficial layers of the lens itself. 

As these substances are not present in any 
significant amounts in the aqueous, the ques- 
tion arises whether they represent normal 
constituents of the lens capsule intra vitam 
or whether their presence in the capsule is 
due to a leakage which occurs immediately 
after death of the animal and would be due 
to a sudden decrease in the permeability 
either of the epithelium or the superficial lens 
fiber, or both. 

The fact that these substances were found 
in capsules of rabbit lenses, removed a very 
short time after the death of the animal, and 
that their proportion to glutathione and 
nucleotides in the lens itself is about the same 
as in beef lenses, would seem to indicate that, 
if such a postmortem passage of these sub- 
stances into the lens capsule occurs, it must 
occur within a few minutes after the death 
of the animal. 

Our experiments on the effect of the 
storage of intact eyes at room or icebox tem- 
perature on the nucleotides and glutathione 
content of the beef lens capsule seem to ex- 
clude, however, the possibility that such a 
rapid passage could occur from lens fibers 
themselves. In this case, the difference in the 
concentration in the superficial lens fibers 
and the capsule should show a considerable 
further decrease after three hours’ incuba- 
tion. 

These experiments, however, do not ex- 
clude the possibility that only the epithelium 
is involved in the sudden and very rapid 
passage which occurs after the death of the 
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TABLE 4 
EFFECT OF INCUBATION IN VITRO OF LENS CAPSULES IN VARIOUS MEDIA ON THEIR 
CONTENT IN GLUTATHIONE AND NUCLEOTIDES 


Experi- 
ment Preparation 
Gas Phase 
No. 
163 Anterior lens capsule | None 
minus epithelium \ir 
a) Equatorial part 
b) Central part 
164 \nterior capsule None 
minus epithelium \ir 
a) Equator ial part 
b) Central part 
174 Anterior capsule plus | Krebs* solution III 
epithelium Air 
a) Equatorial part 
b) Central part 
179 = Anterior capsule plus | Krebs* solution IIT 
epithelium O, Atmosphere 
Atmosphere 
176 Anterior capsule plus | Krebs* solution ITI 
epithelium O, Atmosphere 
180 \nterior capsule plus | Krebs* solution IT 
epithelium QO, Atmosphere 
Atmosphere 
N» Atmosphere 
181 Anterior capsule plus | Krebs* solution ITI 


epithelium O. Atmosphere 


Ne Atmosphere 


* ACTA Biochemica and Biophysica, 4: 250, 1950. 


lhis balanced salt solution is prepared as follows: 
83 parts of 0.9% NaCl 
4 parts of 1.15% KCI 
1 part of 2.11% KH2PO, 
1 part of 3.82% MgSO, 7H.0 
3 parts of 1.3% NaHCO 


18 parts of Na-Phosphate buffer (100 parts of 0.1 


(1.78% to NasHPO,- 2H,O) 

(1.38% NaHePO,: 
A=Values in mg. per 100 gm. of wet weight. 
B=Values in mg. per 100 mg. N. 
Nucleotides in terms of adenosine-phosphate. 


animal. If this is the case, then we would 
have to assume that the concentration of 
glutathione and nucleotides in the epithelium 
intra vitam is very much higher than any 
ever found in any living cell. 

A simple calculation shows that this as- 
sumption is not tenable. We find in rabbit 


Time and Glutathione Nucleotides 
Pemperature of 
Incubation \ B A B 
0 7.5 6.1 
6° +16'4 1.6 2 
0 3.6 
6" R.T. +164 0.5 
0 68 | 4.6 | 80 5.5 
6" R.T.+164 22 1.6 49 3.6 
0 59 2.8 78 5 
6» 18 0.9 42 2.0 
0 64 5.8 35 3.2 
6* at 24° | om 2.9 17.6 1.4 
0 40.8 2.5 30 1.8 
6» at 24 10.8 0.6 13.7 0.8 
0 55.4 4.4 42.9 Pua 
6" R.T. 4.8 0.38 19 1.5 
6° ROT. 49.0 3.95 28.1 
0 5.9 3.1 
38 38 12.4 1.0 30.3 2 
0 54.6 3.5 
2» 38 30.9 2.0 
46 29.5 27.3 
45 29.5 28.6 1.9 
0 87.5 
6» 23 54.6 
23 


M, Na:HPO,) 


lens capsules a content in glutathione of up 
to 220 mg. percent by wet weight and of 
total nucleotides up to 120 mg. percent. Now 
the epithelium, on the basis of histologic 
evidence, can be assumed to represent about 
one twentieth of the volume of the capsule. 
If all the nucleotides and glutathione found 
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in the rabbit capsule were discharged from 
the epithelium after the killing of the ani- 
mal, that would mean a concentration of 
about four percent of glutathione and 2.4 
percent of total nucleotides in the epithelium. 

Since most of the constituents of the 
nucleotide fraction are four basic acids, and 
glutathione can be regarded as one basic 
acid, such concentrations of the two com- 
ponents would make the epithelial cell highly 
hypertonic. It is clear, therefore, that the 
main bulk of these two substances in the lens 
capsule cannot be derived from the epi- 
thelium. 

The data presented in Table 1 show that 
the concentration of nucleotides and gluta- 
thione vary from one group of lens capsules 
to another to a very considerable extent. As 
storage of lenses for several hours did not 
lead to any considerable increase of the con- 
centration, as least of nucleotides, in lens 
capsules, these variations cannot be due to 
differences in the treatment of the enucleated 
eyes in the slaughter house, but must be due 
to other factors. 

Two factors which were not rigidly con- 
trolled in our experiments and may be re- 
sponsible for this phenomenon are the time 
of enucleation after the death of the animal 
and the age of the animal which allegedly 
varied between 18 and 30 months. It seems 
quite reasonable that every batch of eyes 
brought in from the slaughter house was ob- 
tained from a rather homogenous group of 
animals killed at a the 
slaughter house. Various batches brought at 


certain time in 
different times, however, may have origi- 
nated from animals of different age. 

On the basis of all these considerations, 
the assumption appears reasonable that the 
lens capsule permanently contains intra vitam 
nucleotides and glutathione as normal con- 
stituents, as do the epithelium and the lens 
fiber, although in somewhat lower concen- 
trations. 

The difference in the 
these substances in the lens capsule and the 


concentration of 


aqueous must be due to their inability to 
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permeate the outer surface separating the 
capsule from the aqueous. The presence of 
these substances, which are highly active in 
cellular metabolism in the capsule, strongly 
suggests that this membrane by no means is 
metabolically inert, as the intercellular sub 
stance of the connective tissue seems to be. 

This assumption is further borne out by 
the fact that, as preliminary determinations 
established, the nucleotide fraction of the 
capsule has essentially the same composition 
as that of the lens fibers, which means that, 
apart from adenosinetriphosphate, that could 
be determined as phosphorus split-off by 
seven-minute hydrolysis in normal HCl, we 
find oxidized coenzymes I or II, or both, 
present in this fraction. The amount of this 
coenzyme fraction represents about one third 
to one half of the total nucleotides. 

Further evidence of the metabolic activity 
in the lens capsule can be derived from the 
fact that the capsule is able to oxidize gluta- 
thione rapidly, and to break down the ribose 
which is a constituent of the nucleotides. Al- 
though the first reaction has not yet been 
proven to be an enzymatic one, the break 
down of the nucleotides requires the activity 
of specific enzymes. 

Enzymes which are able to break down the 
ribose of nucleotides and nucleosides, first 
found in human red cells and later in all 
animal tissues,” 
represented by two different types of enzy 


* were recently shown to be 


matic systems. 

One system is able to phosphorylate ribose 
in nucleotides with ribose-5-phosphate ap 
pearing as a final reaction product of the 
phosphorylated process. Ribose-5-phosphate, 
on the other hand, was shown to be broken 
down by a chain of enzyme reactions, the 
nature of which is not yet completely ex- 
plored, and the breakdown products are 
resynthetized® to a mixture of hexose-mono- 
phosphate and hexose-diphosphate. 

The metabolism of the nucleotides 
nucleosides, therefore, finally enters into the 


and 


metabolism of glucose. Ribose-5-phosphate 
has been shown to be a normal intermediate 
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in the oxidation of hexose-6-monophosphate 


by the so-called Zwischenferment. The 
enzyme system, which is able to convert 


ribose-5-phosphate to hexose-6-phosphate, 
therefore, appears to be complementary to 
the system which oxidizes hexose-6-phos- 
phate ; and the two systems together form a 
complete respiratory cycle. It seems possible 
that this type of respiratory process plays a 
major role in the metabolism of the lens 
capsule. 

Recent experiments of Harris* on the re- 
versible exchange of electrolytes between the 
lens and the surrounding fluid indicate that 
the metabolic processes on the lens surface 
are a regulatory function and play a role in 
the regulation of the permeability of the 
lens surface. It appears very likely, on the 
basis of our observations, that the lens cap- 
sule itself is involved in these regulatory 


metabolic processes. 
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SUMMARY 
1. The lens capsule intra vitam contains 
glutathione and The 
amount of glutathione corresponds to 15 to 
30 percent of that in the outer layers of the 


various nucleotides. 


lens capsule, the amount of nucleotides 30 to 
40 percent calculated per 100 gm. wet weight. 

2. The content in these substances of the 
capsule is not changed significantly by a few 
hours’ storage at low temperature. 

3. The isolated lens capsule rapidly oxi- 
dizes glutathione during incubation at room 
or body temperature in presence of air, and 
breaks the 
anaerobically to vet unidentified end prod- 


down ribose” of nucleotides 
ucts. 

4. After storage for at least six hours, at 
room temperature, the content of the lens 
capsule in glutathione and nucleotides is 
significantly increased. 

630 West 168th Street (32). 
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Acta 


DiscuSsSION 


Dr. V. Evererr Kinsey (Detroit) We also have 
separated portions of the lens and determined the 
amount of adenosinetriphosphate. One of our re 
sults showed that the adenosinetriphosphate level 
ne the posterior capsule of rabbit lenses, which con- 
tain no adherent epithelium, is lugher than that 
in the adjacent posterior cortex, madicating that this 
compound may be concentrated in the capsule 
anterior 


However, we find that the level in the 


capsule with the adherent epithelium is about 0.5 


mM/100 em. of tissue much higher than that in 
the posterior capsule 


We determined it also in the pos 
It was as high as in the 


Dk. 
terior capsule of beet eves 
anterior capsule, and im certain cases it was even 
a little 

In these cases the 
of the posterior capsule was controlled and, if the 
nitrogen did not exceed more than 1.5 or 1.6 per 


higher 
weight of the mitrogen content 
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cent, then we were sure we were not dealing with 
any significant number of lens fibers. 


Dr. Davin G. Cogan (Boston): Dr. Kinsey, did 
you test the glutathione synthesis by lens capsule 
alone, or did you have any indicate 
whether the lens capsule synthesizes glutathione? 


evidence to 


Dr. KINSEY: No, we did not 

(Portland, Oregon): Dr 
data and his interpretation present very 
intriguing possibilities. I think, too, that some of 
our previously published data support his view that 
the lens capsule acts as an active membrane, at 


Dr. Joun E. Harris 
Dische’s 


least so far as the maintenance of the cation content 
is concerned 

When one nicks the lens capsule with a good-sized 
nick, the anterior or 
posterior potassium and 
gain of sodium occur. The is not as ex- 


regardless of whether it ts 


surface, a rapid loss of 
exchange 
tensive as one can produce under other conditions 
but is nonetheless appreciable 

This can readily be interpreted as indicating that 
across the 
well as across barriers. Also, 
in our work with 
ive noted a pooling of water 


an active transfer of cations occurs 


capsule, as cellular 
not infrequently 


the excised lens, we h 


experimental 
underneath a tense capsule, particularly when the 
cation content of the lens approaches that of the 
extralenticular medium. Obviously, this water must 
be held by some ion. The capsule, therefore, must 


create a barrier to a certain degree. 

I would agree that the capsule may be an active 
membrane and that the transfer of certam con- 
stituents across it may be metabolically mediated. 
In this respect then the lens can be likened to a 
giant cell, the membrane of which is the capsule 
Perhaps, the effect of glutamic acid which we meas- 
ured is in some way related to the glutathione ot 
the capsule 
A. Zevver (Chicago): I would like to 


Dische if he has determined any enzyme 


Dre. E. 
ask Dr 
activity in the capsule. 

Dr. Discne: No. We intend to make that exten 
sive study, but so far we have been very much in 
terested in the effect of the break down of the 
nucleotides because the recent experiments in vari 
ous laboratories, as well as my own, indicate that 
the ribose 5-phosphate, which is the sugar in the 
nucleotides, is an intermediate in the general me- 
tabolism of practically all living cells, and it is re- 
lated to the metabolism of well as to 
the other metabolic processes 

part of this metabolism is anaerobic, and 
the ribose 5-phosphate can be anaerobically trans 
formed into hexosephosphate. Therefore, we did 
not determine the metabolism of glucose, but | 
think this an: break down of the ribose in 
the nucleotides indicates a general 
metabolism of carbohydrates, because this is prob 
ably only one part of the metabolism 


alu ose as 


One 


ierobic 


very lively 


STUDIES ON THE PHYSIOLOGY OF THE EYE USING TRACER 
SUBSTANCES* 


Part LV. A COMPARISON Ot 


rHE STEADY-STATE RATIO OF 


SODIUM BETWEEN THE PLASMA 


AND AQUEOUS HUMOR IN NORMAL AND SCORBUTIC GUINEA PIGS 


Roy O. Scuorz, M.D. 
Baltimore, Maryland 


Utilizing radiosodium (Na**) as a tracer, 
I have reported’? a high concentration of 


sodium in the aqueous compared with the 


sodium in the plasma dialysate of the guinea 
pig. This pointed to the probability that 
sodium is secreted from the plasma into the 
aqueous of the species, 


Friedenwald and his co-workers* have 


*From the Wilmer Ophthalmological Institute 
of The Johns Hopkins University and Hospital and 
the Carnegie Institution of Washington, Depart 
ment of Embryology, Baltimore. 


ascorbic-acid deficient guinea 


that 
pigs have a lowered rate of formation of 


shown 


intraocular fluid. The techniques used in my 
previous studies offer a convenient tool to 
study further the role of ascorbic acid in 
the secretion of the aqueous. 


MetHuops 


Radioactive sodium (Na®*) was prepared 
by Dr. Dean Cowie in the 60-inch cyclotron 
of the Department of Terrestrial Magnetism, 


Carnegie Institution of Washington. The 
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method of preparation and essay has been 
previously described? 

Guinea pigs of mixed sexes and weighing 
about 500 gm. were used, They were divided 
into two groups: 

1. The scorbutic group which was fed a 
diet of roasted oats and water. This diet was 
supplemented with one drop of cod-liver oil 
three times a week. After about three weeks 
on such a diet, the pigs began to lose weight 
and showed hemorrhages in the buccal mem- 
branes. 

2. The control group was fed the same diet 
and received in addition intraperitoneal in- 
10 mg. of ascorbic acid three 
This did 


buccal hemorrhages and did not lose as much 


jections of 
times a week. group not show 
weight as the scorbutic group. 

When a severe degree of clinical scurvy 
was manifest in the scorbutic guinea pigs, 
the animals were injected intraperitoneally 
with 0.75 cc. per kg. of a solution containing 
about 4.0 mM./ce. 


with a radioactivity of 4.0 me. per ce. 


of radiosodium (Na**) 


After 24 hours, the animals were anes- 
thetized briefly with ether and a sample of 
aqueous was removed with a small capillary 
pipette. The sample was adjusted to one of 
the calibration lines and then delivered to a 
small disc of filter paper which had been 
previously cemented* to the center of a 
copper disc. The sample spread evenly over 
the filter-paper dise. 

To assure the same internal absorption of 
radioactivity in the plasma and aqueous 
samples, the same amount of nonradioactive 
plasma was added to the aqueous samples as 
was used for the plasma determinations. 

Immediately after the sample of aqueous 
was removed, blood was taken by cardiac 
puncture. Samples of the serum were meas 
ured in the same pipette as the aqueous and 
were adjusted to the same calibration line 
as used for the corresponding sample of 
aqueous. These samples were also delivered 
onto filter-paper dises cemented on copper. 


* Multilok diluted toluene 


An equal amount of water was added so 
that a similar amount of water and protein 
was present on both the aqueous and plasma 
discs. The samples were allowed to dry at 
room temperature. Measurements of the 
radioactivity of the samples were made with 
a Geiger-Miiller tube and scaling circuit. The 
radioactivity of the samples was converted 
into micromoles of tagged sodium. 

The amount of water in the guinea pigs’ 
plasma was determined by drying weighed 
samples of plasma and subtracting the weight 
of the residue. The solids were found to be 
five percent of the total weight. The error 
involved in assuming the aqueous to be en 
tirely water is less than 0.5 percent and conse 
quently no correction was made for its salt 
content. 

Additional 1.0 ml. samples of serum were 
used to determine the protein nitrogen. A 
modification of the direct nesslerization 
method of Koch-MeMeckin was used. Total 
nitrogen was determined by diluting 0.1 mi. 
of serum with 9.9 ml. of normal saline. 

One ml. of this dilution was treated with 
an acid digestion mixture and digested on an 
electric stove. The ammonia formed was 
nesslerized and the color compound was 
compared with a standard in a photoelectric 
colorimeter. 

The nonprotein nitrogen was analy zed 


from a protein-free filtrate of serum. This 


was prepared using sodium tungstate and 
sulfuric acid. Two ml. of this filtrate was 
digested with an acid digestion mixture. The 
digested material was nesslerized and read in 
a photoelectric colorimeter. 

The protein nitrogen, expressed as gm. per 
100 ml. serum, was obtained by subtracting 
total 


the nonprotein nitrogen from the 


nitrogen. 
ResULTS 
The steady-state ratio of the sodium of 
plasma water to the sodium of the aqueous in 
scorbutic guinea pigs is 1.055 + 0.01 (tabk 
1). 


The control guinea pigs, who were fed 


TABLE 1 
STEADY-STATE RATIO OF SODIUM OF W ATER 
OF PLASMA ‘SODIUM OF AQUEOUS 
SCORBUTIC GUINEA PIGS 


No. Pe*, Aet 
1R 1.007 
L 0.992 
2R 1.098 
L 1.110 
1.043 
4R 1.089 
L 1.026 
5 R 1.007 
L 1.058 
6K 1.006 
L 1.071 
7R 1.051 
L 1.079 
8 R 1.108 
L 1.037 
9K 1.034 
L 1.027 
10 R 1.038 
1.039 
11 R 1.093 
L 1.072 


\verage = 1.055 +0 Ol 


* Pe=concentration in plasma water of Na (so- 
dium tagged with Na™) when aqueous is at equi- 
librium with the plasma. 

+t Ae=concentration in aqueous of Na 
aqueous is at equilibrium with the plasma. 


when 


the same diet as the scorbutic and with an 
ascorbic acid supplement, had a steady-state 
ratio of the sodium of plasma water to the 
sodium of the 0.985 + 0.01 
(table 2). 


The microchemical studies on the plasma 


aqueous of 


of these guinea pigs showed (table 3) a pro 
tein nitrogen of 0.71 + 0.043 gm. percent in 
the scorbutic, 0.80 + 0.045 in the scorbutic 
animals given an ascorbic-acid supplement, 
and 0.92 + 0.031 in guinea pigs fed a labora 
tory diet of rabbit pellets and fresh greens 


with supplements of ascorbic acid. 
DiscuSssION 


There is evidence in the literature* that 
ascorbic-acid depletion of guinea pigs pro 
foundly affects the oxidation reduction po- 
tential of the ciliary tissues. The active 
transfer of acid and basic dyes in the ciliary 
tissue is reduced in the absence of ascorbic 
acid. Further, the rate of flow of the intra- 


ocular fluid is greatly reduced. 
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The steady-state ratio of sodium of plasma 
water to the sodium of the aqueous is com 
pared in the normal, nonscorbutic controls, 
and scorbutic animals (table 4). It is seen 
that the normal guinea pigs have a ratio of 
0.977 + 0.0055 and the nonscorbutic controls 
have a ratio of 0.985 + 0.01, or essentially 
the that 


probably secreted from the plasma into the 


same ratio, indicating sodium 1s 
aqueous of this species if ascorbic acid is 
present in the diet. 

The scorbutic animals, on the other hand, 
have a ratio of 1.055 + 0.01 or approxi 
mately that of a dialysate as calculated for a 
Donnan equilibrium. This evidence suggests 
that ascorbic acid is essential for the secre- 
tion of sodium into the aqueous from the 
plasma. 

The protein nitrogen chemical studies 


TABLE 2 


STEADY-STATE RATIO OF SODIUM OF W ATER 
OF PLASMA SODIUM OF AQUEOUS 
CONTROL GUINEA PIGS 


No Pe* /Aet 
1 0.969 
2 0.949 
3 R 1.021 
L 1.008 
1.020 
L 0.968 
SR 941 
0.913 
6R 0.961 
L 0.941 
0.976 
0.965 
R 1.004 
L 1.012 
1.012 
L 0.992 
10 R 1.007 
L 0.990 
0.845 
12 R 0.988 
L 1.054 
13 R 1.034 
L 1.019 
1.015 
iS R 1.005 
L 0.998 


Average =0.985 +0.01 


* Pe=concentration in plasma water of Na (so- 
dium tagged with Na®) when aqueous is at equi- 
librium with the plasma. 

+ Ae=concentration in 


aqueous of Na_ when 


aqueous is at equilibrium with the plasma. 
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rABLE 3 TABLE 4 


PROTEIN NITROGEN STUDIES ON SI RUM OF STEADY-STATE RATIO OF SODIUM OF WATER 
NORMAL NONSCORBUTIC CONTROLS AND OF PLASMA ‘SODIUM OF AQUEOUS 
OF SCORBUTIC GUINEA PIGS GUINEA PIG 
Experiment Protein Nitrogen Experiment Pe*,/ A\et 
(gms./100 ml. serum) 
Normalt 0.977 +0.0055 
Normal Diet 1.05 Nonscorbutic Controls 0.985 +0.01 
0.85 Scorbutic 1.055+0.01 
0.94 
0.87 * Pe =concentration in plasma water ol Na (s0- 
0.93 dium tagged with Na™) when aqueous Is at equi- 
0.87 librium with the plasma. 
; + Ae =concentration in aqueous of Na when 
Average =0.92 +0031 aqueous is at equilibrium with the plasma. 
= t Previously reported.? 
Nonscorbutie Controls 0.68 
0.85 
0.80 between the plasma and aqueous of the scor 
- butic and nonscorbutic guinea pig. 
0.75 2. The steady-state ratio, sodium of 


Average <0 80 +0.045 plasma water to sodium of the aqueous was 
\ age = 
found to be 0.985+ in nonscorbutic control 


076 guinea pigs and 1.055+ in scorbutic guinea 
0.51 pigs. 
0.57 
073 3. No significant difference was found in 
071 the protein nitrogen of the serum of scorbu 
0.89 
0 79 tic (0.71 + 0.043 gm. percent) or non 


scorbutic controls (0.80 + 0.045 gm. per 
Average =0.71 +0.043 ‘ as 
cent). There slightly more protein 


nitrogen (0.92 + 0.031 gm. percent) in the 


were unk rtak nto determine if there were serum of euinea pigs ona normal laborator\ e 


any marked changes in the character of the diet. 
animals. 4. In the absence of ascorbic acid the secre- 


serum of the scorbutic and control 


A comparison of the values in Table 3 shows tion of sodium into the aqueous of the gumea 


that. while there is slightly more protein — pig is diminished so that the ratio of sodium 


nitrogen in the normal guinea pigs» of plasma water to sodium of aqueous 1s 
0.92 + 0.031 gm. per 100 ml. serum, there is 1.05 or approximately that of a dialysate as 
no significant difference between the non- calculated for a Donnan equilibrium. 
scorbutic controls 0.80 + 0.045 gm. per 100 11 East Chase Street (2) 

ml. serum, and the scorbutic animals 

0.71 + 0.043 gm. per 100 mi. 


| grate fully ackn wledae the n terial and as 
, sistance given me by Dr. Dean B. Cowie of the 
SuMMAR\ 


rnegie Institution of Terrestrial Magnetism of 
Washington, D.C., and the technical assistance 01 
Miss Celestia Weeks of the chemistry department 
tracer to study the distribution of sodium — of the Jolins Hopkins Hospital 


1. Radiosodium (Na?) was used as a 
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DIscusSsION 


Dr. Davin G. CoGan (Boston): If I interpret 
Dr. Scholz, your findings are 
sistent with the concept that vitamin C is essential 
for the secretion of sodium into the anterior cham- 


ber 


it correctly, con- 


De. Scnorz: That is right 


De. V. Evererr Kinsey (Detroit): I believe 
Dr. Barany pointed out about a year ago that the 
rate of flow of aqueous humor in normal and 
scorbutic guinea pigs was the same, and, since it 


seems probable that the secretion of sodium bears 
relation to the flow of aqueous as a whole, I 
to ask Dr. Scholz if he 


tions as to how to bring these tw 
compatibility. 


Sone 


would lke has any 


sets of experi 


sugees- 


Lr. Scnorz: I have none. 


Dr. Jonas S. FriepeNwWaAtp (Baltimore): May | 
pinch hit on this? Dr. Barany measured the rate 
of turnover of para-amino-hippuric acid in normal 


and scorbutic guinea pigs, and found no significant 
lifference. Dr. Scholz has now und a significant 
difference in regard to the sodium concentration 


This raises the whether there can 
he a systematic or theoretical error in either of 


these two contradictory results. 


question as to 


possibility of a theoretical error in 
hippuric acid method of determina- 
tion, which I have discussed with Dr. Kinsey, so 
It is this 
Barany and Dr 


ere is a 


knows this answer 


The method which Dr 


e already 


Kinsey 


worked out, rate of flow with the 
para-amino-hippuric acid as an indicator, consisted 
in injecting the test indicator intravenously. They 
chose this substance because it is rapidly eliminated 
from the blood by the kidneys, and they hoped to 
find a situation in which an appreciable concentra 
tion remained in the aqueous after the blood level 
had come down to almost zero, and then to measure 
the disappearance from the aqueous as an index ot 
the rate of flow of water 

When 
tributes itself 
but also 
li now 
into the posterior chamber would have no test sub 
stance, but it would collect some test 


lor estimating 


enters the eve it dis 


anterior chambet 


any test substance 
not 


in the posterior chamber, 


merely in the 


vitreous and lens 


the blood level becomes zero, fluid comin 


substance fron 


the vitreous and lens, and contribute that moiety to 
the anterior chamber. Consequently, what is being 
measured by the Barany-Kinsey technique wit! 


para-amuno-hippuric 
the rate of flow of 
the rate of 
Which of 


estimate ts 


acid is a partial estimate ot 
water and a partial estimate ot 
clearance of the vitreous and lens 
rs predominates in the 


cannot be 


those two tact 
something that 
theoretically mm advance 

If it ts 


Is ho reason 


determined 


the latter that predominates, then there 


why that rate should change in the 
scorbutic animal, and consequently the paradox be 
i 


tween Barany’s work and Scholz’s n 
plained. 

That is a possibility that has not vet been ade 
quately documented, but is one way in which this 
t le 


disagreement mig! resolved 


rHE USE OF 
FOR 


SAMUEL V. 


Los Angel 


INTRODUCTION 


Some time aQZo, three drugs’ were tested 
as to their mydriatic and cycloplegic powers 
in comparison with the present widely used 
A previous report on 


drug, homatropine. 


one of these drugs, Compound 75 GT, has 
been made by Priestley and Medine.* Several 
other men® have studied this compound. 
These workers reported favorably on the 
mydriatic and cvcloplegic effect of Com- 
pound 75 GT as compared to homatropine. 

series 


These compounds belong to a new 


of spasmolytic agents belonging to the basic 


esters ot substituted phe nylacetic acids.* 
These compounds have the following struc 
tural formulae : 
HH 
75-G1 
( 
N(CH HC] 
H 
H 
COO CH HC] 
li 
93-4, | OH 
c 
HCl 


‘his report gives the results of a compara 
each of these drugs in 0.5-per 
ent 


ad < 
In addition, this 


live study of 


cent solution with O-pere solution of 
homatropine hydrobromicd 
re port im ludes a mparative study of (‘om 


pound 92 GT 


wound 75 GT with Com am 
Gl th | 


Compound 93 GT, all 0 >-percent solutions 


In this clinical study, the subjects were all 


private patic nts. Most of these patic nts were 


brunettes with brown irises. Approximately 


10 percent were blondes with blue irises. Ten 
of the patients were highly pigmented, either 


Negroes or Mexicans. 
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DRUGS AS SUBSTITUTES 


ABRAHAM, M.D. 
Calif 


Meruop 


In each subject, one eye received one of 
the drugs ; the other eye, another drug. These 
drugs were instilled in the conjunctival sac 
in solution form, equal amounts of the solu- 
tion being used in each eye. In some Cases, 
only one instillation of each drug was used; 
in some, three instillations of each drug were 
made at 10-minute intervals; in still others, 
six instillations of the drugs were made at 
10-minute intervals. 

The pupils were checked for size and re- 
action to light, in most of these cases, 10 to 
15 minutes after the first or only instillation. 
They were again checked 30 to 40 minutes 
after this instillation. In cases in which pa 
tients received six instillations, the second 
examination was frequently omitted until 60 
to 70 minutes after the first installation. 

To check mydriasis, these patients were 
further examined for pupillary size 18 to 72 
] 
i 


hours later, depending on the convenience of 


the patient. 
In suitable patients, after objective re 
ug on the accom 


un 


fraction, the eftect of the dh 


modation was studied, In some cases this 


study was made about 45 minutes after the 
instillation of the first or only drop; in cases 
with six instillations, this examination was 
made 75 minutes after the first instillation. 
\gain the 


to 72 hours later. 


accommodation was studied, 18 


In studying the accommodation under 
cvcloplegia, a plus lens was usually necessary 
to bring the type into focus. In most of the 
cases in which this was studied, the plus 
lens used in each eye was the same and the 
far point, as well as the near point of ac 
commodation with this additive lens, was 
determined. The far point was approxi- 
of each indi 


mately the same in each eve 


vidual, indicating the dependability of the 


70 


objective refraction. The variation in the 
near point, then, was chiefly due to changes 
in accommodation. 

In Groups I-A, I-B, and I-C, homatropine 
hydrobromide was used in one eye. In the 
other eye, Compound 75 GT (Group I-A), 
Compound 92 GT (Group I-B), and Com- 
pound 93 GT 
indicated. Compound 75 GT was used in one 
eye in Group II-A while in the other eye, 
Compound 92 GT was used. In Group II-B 
Compound 75 GT was used in one eye and 


(Group I-C) were used as 


Compound 93 GT was used in the other. 


ORSERVATIONS 
MypriasIs 


In all cases, the pupils were measured at 
the onset and found equal in size and equally 
active. The average pupil size as examined 
under 20 candle power was 3.0 mm., varying 
in size between 2.0 mm. and 4.0 mm. 

Table 1 presents the data concerning the 
mydriatic effect of the three compounds (75, 
92, and 93) as compared with that of homat- 
ropine hydrobromide. Observations were 
made at varying intervals during a 70-minute 
period after beginning of the experiments. 
In none of the observations were there any 
reversals; that is, in no case was a pupil 
larger than its mate at one observation and 
smaller later during the 70-minute period. 
From this table, it may be seen that Com- 
pounds 75, 92, and 93 GT all affected the size 
of the pupils to a greater extent than did 
homatropine. 

The degree of mydriasis was similar for 


TABLE 1 


Mypriatic oF Compounps 75, 92, 
93 GT COMPARED WITH HOMATROPINI 


AND 


(10 to 70 minutes after initial or only instillation) 


Cases with 


Drug Pupils Total 
Used >H i =H No. 
Cases 

75 79 67.0 12 27 118 
92 45 67.2 5 17 67 
93 48 66.6 5 19 7? 
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the three drugs, whether one, three, or six 
instillations used. Each showed a 
greater effect on mydriasis with each addi- 
tional instillation. The average pupil size is 
shown in Table 2. 

The reaction to light, for the most part, 
the smaller the 


were 


was related to the pupil size 
pupil, the greater the reaction to light. When 
a difference in pupil size existed, the reac- 
tion to light was less or nil in the larger pupil 
when examined 30 to 40 minutes after initial 
instillation. 

In every case in which the pupil was larger 
in 30 to 40 minutes, or even in 60 to 70 
minutes, the larger pupil had shown dilation 
earlier than the other pupil. Therefore, what- 
ever is noted concerning degree of mydriasis 
applies to speed of mydriasis. 

Speed of recovery could not be accurately 
determined. the 
checked on the patients’ return visits (18 to 
72 hours after the instillation 
possible ).. Frequently the pupils were equal. 
When a difference did exist, the “homat- 


Howe\ er. pupils were 


whenever 


ropine eye” showed the larger pupil in at 
least 28 of the eyes in which Compound 75 
GT had been used in the other eye. In 18 of 
these the 
shown the greater mydriasis. This can only 


eyes “75 eye” had previously 


mean that the pupil receiving Compound 75 


rABLE 2 


EFFECT OF NUMBER OF INSTILLATIONS ON PUPIL SIZI 
AT APPROXIMATELY 30-MINUTE (1 AND 3) 
AND 60-MINUTE INTERVALS (6) 


No. of Instillations 


Drug 
1 3 6 
Homa- 
tropine 5.65 6.5 8.08 
GT 75 6.5 7.42 8.38 
GT 92 6.8 7.5 &.38 
GT 93 6.1 7.3 8.30 
No. 
Cases 181 36 40 
Ages 
(vears) 7-93 30-40 +.5-19 
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TABLE 3 


MypRIATIC EFFECT OF COMPOUNDS 92 GT AND 93 GT COMPARED WITH COMPOUND 75 GT 
(10 to 70 minutes after initial or only instillation) 


Cases with Pupils 


Drugs +75 
Used = 
o 
92 14 21.9 10 
93 5 13.0 18 
GT recovered more quickly from the 


mydriatic effect of the drug. 

This was not so for Compounds 92 GT 
and 93 GT. In these cases, whenever a differ- 
ence in pupils was observed, the more dilated 
pupil was the one receiving these drugs, even 
though the “homatropine pupil” had previ- 
ously been larger in two cases. In other 
words, Compounds 92 GT and 93 GT pro- 
duce a longer-lasting mydriasis than homat- 
ropine. 

Table 3 shows the results of a comparative 
study of Compound 75 GT with Compounds 
92 GT and 93 GT. Here it is indicated that 
Compound 92 GT is slightly more effective, 
while Compound 93 GT is definitely less 
effective, as a mydriatic than is Compound 
75 GT. However, the recovery time is defi- 
nitely more rapid with Compound 75 GT. 
Compounds 92 and 93 GT affected the pupil 
size for as long as a week in some cases. The 
pupils, when checked 18 to 72 hours after 
instillation, usually showed a_ consistent 
difference in size, the smaller and more active 
pupil belonging to the “75 eye.” 


CYCLOPLEGIA 

The observations on accommodation were 
made immediately after objective refraction 
was done at the time of dilatation and again 
18 to 72 hours later. 

In 17 cases, the eve receiving the homat- 
ropine showed a deeper cycloplegia 45 min- 
utes after the initial or only instillation when 
compared with Compound 75 GT. In 19 
cases the cycloplegia was greater in the “75 


eye.” In 34 cases, no definite difference could 


_ Total 
No. Cases 
or 
15.6 40 64 
46.0 16 39 


be demonstrated. 

When these cases were tested 18 to 72 
hours later, the “homatropine eye” showed 
the weaker accommodation in 22 cases. There 
were no cases in which the “75 eye” showed 
a greater amount of cycloplegia than the 
“homatropine eve.” 

Compounds 92 GT and 93 GT showed a 
definite tendency to produce a longer-lasting 
cycloplegia. The accommodation was defi- 
cient in tested on the post- 
cycloplegic visit, even though there had been 
no difference when tested 45 to 75 minutes 
after instillation. At least four cases showed 
that the “92 eve” was still deficient in ac- 


most cases 


commodation four days after instillation. On 
direct comparison with Compound 75 GT 
both Compounds 92 and 93 produced longer- 


lasting cycloplegia in most cases tested. 


EN AMPLES 


Case 1. A girl, aged nine years, received one 
drop of homatropine in the right eye and one drop 
of Compound 75 GT in the left eye. 

The far point of accommodation of each eye with 
a +2.5D. sph. added to objective refraction was: 
R.E. and L.E., 14 inches. The near point was: R.E., 
9.0 inches; L.E., 11 inches. Residual accommodation 
was 0.808 diopters less in the “75 eye” 45 minutes 
after instillation. Approximate residual accom- 
modation was: R.E., 1.5 diopters; L.E., 0.72 diop- 


ters. 


Case 2. A boy, aged 12 years, received one drop 
of homatropine in the right eye. Compound 75 GT 
was instilled in the left eye. 

With a +2.5D. sph. added to objective refrac- 
tion, the far point of accommodation in the right 
eve was 40 cm.; in the left eye, 39 cm. The near 
point was: R.E., 22 cm.; L.E., 27 cm. Residual ac- 
commodation was: R.E., 2.0 diopters; L.E., 1.2 
Compound 75 GT produced a deeper cycloplegia by 
0.8 diopters. 
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tv 


When rechecked 48 hours later, the near points 
were: R.E., 30 cm.; L.E., 22.6 These readings 
were made with no addition to the correction tor 
error of refraction. Recovery ts obvi isly taster 
for Compound 735 GT 

Case 3. A man, aged 44 years, received one drop 
of homatropine in the richt eve and one drop o1 


Com] und 75 Gi hi the lett eve 
showed: R.E. and L.I £0,251) h. under cycl 
plegia. Pupils were equal (7.01 each) 

With a +2.5D. sph. added, the near pomt ot 
accommodation was: 33 em: Ld 
Residual accommodation was: R.E., 0.5 diopters; 
wey. diopters, showing difference of 0.75 
diopters. 

Examination 24 hours later showed the pupils 
be equal. Vision was: R.E., 1.0; L.E., 1.0 (plano) 
The near point of ac -ommodation with a +1.5D 
sph. add was 24 em., 

Case 4. A voung woman, aged 20 years, recerve I 
one drop of homat yprurie the right eve and one 
drop of Compound 75 GT in the lett eye 

In 45 minutes the pupils were: R.E., 7.0 mm.; 
L.E., 7.5 mm., and were fixed to light Refraction 
showed: R.1 +6.25D. sph. ™~ £0.25D. cyl. ax 
00°: L.E., +6.75D. sph +0.25D. cyl. ax. 90 
This patient had never worn glasses at 1 had un 
corrected vision of 1.0 in each eye 

The near point of accommodation was RI 
(without add to cvcloplegic findings), 10 inches; 
1_E. (with a +1.5D. sph. add), 10.25 inches 

On re-examination 48 hours later, the manttest 
refraction showed: R.E., +3.5D. sph. > +0.25D 
cvl. ax. 90°: L.E., +4.0D. sph. D +0.25D. cyl. ax 
90°. Each eve easily accepted +3.0D. less than the 
eveloplegic findings. The near point then was R.E., 
15 em.:; L.E., 12 


SENSITIVITY 


Not many patients shows a sensitivity to 
homatropine, only one was encountered in 
this series. This patient’s other eve with 
Compound 75 GT remained pale. Phe slight 
congestion frequently noted with homat 
ropine was never noted in the eyes receiving 
Compounds 75 GT, 92 GT, or 93 GT. Oc 
casional complaints of smarting for a few 


moments were noted for all drugs used. 


TENSION 


In one case, the eve receiving Compound 
75 GT showed a tension reading of 33 mm. 
Hy (Schistz) 40 minutes after initial instil 


lation of the drops. The tension in the other 
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( homatropine ) was mm. Hg 
(Schiotz). The diameter of the pupil show- 
ing the higher tension was 7 the 


other, 6.5 mm. The tension was easily con 


eye 
mim. ; 


trolled with pilocarpine. 

In another case in which glaucoma was 
suspected by another doctor, the eve re 
ceiving Compound 75 GT showed a tension 
of Hey the other eve 
showed a tension of No miotic 
in 


(Schiotz) ; 


29 mm. 
mm. Hg. 
was used and two days later the tension 
each eye was 22 mm. Hg. In both cases visual 
fields and vision were normal. 

Tension studies were made on 40 patients 
over 40 vears of age. There 
preciable differences in tension in the two 


were no ap 
eves of each case and no pathologic tensions 


except as have just been noted. 


CONCLUSIONS 


In this clinical comparison of three new 
drugs with homatropine hydrobromide, tt 
was found that all three drugs compared 
favorably with homatropine. These drugs in 
0.5-percent solution tended to produce 
mydriasis more rapidly and to a greater ar 
than did a 2.0-percent of 
homatropine hydrobromide. 

Compound 75 GT® tended to produce a 


gree solution 


deeper cycloplegia, which was usually of 
duration, than that produced by 


hort 
homatropine. Compounds 92 GT and 93 GT 


shorter 


produced longer-lasting cycloplegia. Com 
pound 75 GT produces no signs of local 
irritation and only occasional mild smarting. 


As a 


mydriatic glaucoma, the data presented are 


factor in the production of acute 
insufficient for definite conclusions. Cine may 
state. however, that the tendency to produce 
av favor pre xluction of 

of 


a greater mydriasis n 
the glaucoma, while the definite 
signs of irritation may more than balance 
For Compound 75 GT, the shortet 


this. 
duration of the mydriasis may also tend to 
offset the potential danger of the larget 
pupil. 
The new drug may be a valuable addition 


SUBSTITUTES FOR HOMATROPINI 


to our armamentarium. It may easily replace — effect on accommodation has been surpris 


homatropine. In a few cases in which this — ingly good. Further study is indicated. 
compound was conipared with atropine, the 0363 Wilshire Boul vard (48). 
REFERENCES 
1. Supplied by E. W. Blanchard, Pb.D., Director f Research, Schieffelin and Company, New York 
2. Priestley, B. S.. and Medine, M. M.: A new mydriatic and cycloplegic drug Compound 75 G1 
Am. J. Ophth., 34:572 (Apr.) 1951 
3. Personal communication from Schieffelin and Company. 
4. Personal communication.” 
5 Soon available under the trade name , Cy logyl 


Disc USsION 


Dr. James E. Lerensonn (Chicago): Addi unfortunate that Dr. Abraham had to shorten hits 
tional types of mydriatic and cycloplegi drugs are paper to fit the time limit for he apparently 
lefinitely needed, especially when dealing with to omit mentioning Ue methods by which he meas 
atropine sensitivity. Unfortunately none o! the ured the cycloplegic effects of these drugs 
newer synthetic drugs approa tropine in power Dr. Gettes, at the Wills Hospital, has had some 
wl duration. Several are good substitutes tor experience with these agents and found very much 
homatropine, but that is not the real need what Dr. Abraham reported here—that GT-75 ts 

| have used each of the newer cycloplegic drugs quite an effective agent and comparable in activity 
in several hundred cases, starting with dibutoline to two- and to four-percent homatropine. Others ot 
(Merck) which was developed nearly 10 years ago this series were more potent than GT-75 and no 
It is still not on the market, possibly because it 1s | more tox 
. surface-acting drug and causes a slight disturb Dr. Lebensolin is quite correct that we have need 
ince of the corneal epithelium, though personally for new cycloplegic agents, ones whict are of value 
| have not found that significant not only for refraction purposes but also for relaxa 

Several of the newer synthetic mydriatics should tion of the ‘ciliary body and iris musculature m 
be commercially available since the patient may de cases of uveitis, where we encounter most of out 
velop sensitivity to one of them. For example, a upsetting sensitivity to atropine and scopolamine 


patient of mine was sensitive to atropine, homatre« 
" lv interrelated De Davin G. Cogan (Boston): Will you tell 


n us how you tested your anim is, Dr. Abraham? 


I then changed 1 BL.-139, one percent ( Bristol 
abbreviating the paper, 1 


aboratories), which produ 


r mvdriatic action than the other synthetic neglected to report the fact that | did cover the 

rs. It is the nearest approach to atropine and = various other factors involved in comparing one 
bout half the strength of the latter. After drug with another, tor mstance, sensitivity. 

using this BL compound for 14 months, some I found that, while occasionally one finds eyes 

sensitivitv occurred, though very mild to that ex that are immediately sensitive to homatropine and 

perienced with atropine Dibutoline was again dis I found one such case im this series More fre 


pensed and to-date (over 14 months) no sensitivity quently one finds eyes that become particularly in 


1. However, I found no such case as this 


reaction has resulted yecter 
The cvcloplegic drugs now under investigation among anv of the cases in the study. In one patient, 
include. besides the three discussed by Dr. Abraham = one eye Was particularly sensitive to homatropine ; 
and the tw others just mentione 1 twe Blicke’s the other eye remanit | quite pale with the use ot 
compounds being imvestigate 1 b Winthrop-Stearns GT 75 
nd Merrell Company, respectivel As a substitute All the eves in this study showed definite lack 
for homatropine (;T-75 is ideal as it acts more of sensitivity to any of these drugs. There were 
rapidly, the duration is shorter, and it is quite reli complaints of smarting, but the complaints were not 
able. 1 have used it satisfactorily in several hundred _ particularly severe 
cases. As a substitute for atropine, the best product As far as the effect on tension is concerned, 1 
offered so far has been BL-139, one-percent solu- one case, the eve receiving GT-75 showed a ten 
tion sion of 33 mm. Hg (Schigtz) 40 minutes after 
initial instillation of the drops. The tension in the 
Dr. Irvinc H. Leovoty (Philadelphia): T think other (homatropine) eve was 22 mm. Hg (Schigtz) 
this is a verv thorough study, in that there have The pupil showing the higher tension neasured 7.5 
been 300 or more cases which have been tested mm.,; the other 6.5 mm. The tension was easily 


with these Schietfelin compounds. I believe it ts controlled with pilocarpine 
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In another case in which another doctor suspected 
glaucoma, the eye receiving compound GT-75 
showed a tension of 29 mm. Hg (Schigtz); the 
other eye, 22 mm. Hg. No miotic was used, and 
two days later the tension in each eye was 22 mm. 
Hg. In both visual fields and vision were 
normal. 

Tension studies were made on 40 patients over 
40 years of age. There were no appreciable differ- 
ences in tension in the two eyes of each case, and 


cases, 


no pathologic tensions except as noted, 

As far as the question of cycloplegia is con- 
cerned, a couple of cases will illustrate the method 
of determining the residual accommodation. After 
all, either we have confidence in our objective re- 
fraction, or we do a subjective refraction at the 
same time. 

| belong to the first group. However, I double- 
checked by using a plus lens while the patient was 
under cycloplegia, sufficiently strong—around 2.5 
diopters--which brought the type into sharp focus 
about 13 or 14 inches from the eye, I tested the far 
point and the near point. If the far point was about 
the same, it was assumed that the objective refrac- 
tion was probably equally accurate. Then I tested 
the near point, and the difference in the readings 
at the near point would tell me whether or not the 
cycloplegia was greater in one eye than in the other. 

Here is a case in which homatropine was used 
in one eye and GT-75 in the other (the left) eye. 
Refraction happened to be plus 25 under cycloplegia. 
The pupils were equal, 7.0 mm. each, with a plus 
2.5 add. The near point (right eye) was 33 cm.,, 
and in the left eye was 26 cm. In this case the 
residual accommodation the right eye was 0.5 
diopter and in the other eye 1.25 diopters. Upon 
examination 24 hours later the pupils were equal, 
the manifest refraction was plano, O.U. Vision was 
20/20 in each eye. The near point of each eye was 
24 cm. 

Another patient, at the age of 20 years, had never 
worn glasses and the case was interesting from 
that point of view. The error of refraction under 
cycloplegia was: R.E., +6.25D. sph. 0.25D. cyl. 
ax. 90°; L.E., +6.75D. sph. > +0.25D. cyl. ax. 90°. 
The near point without an add to the cycloplegic 
findings was 10 inches in the right eye and in the 
left eye with the plus 1.50 add required to begin the 
test, it was 10.25 inches. 

The GT-75 compound had that much greater 
power on the ciliary body. Forty-eight hours later 
the cycloplegic test was done and the patient ac- 
cepted three diopters less than the cycloplegic find- 
ings. The near point in the right eye was 15 cm. 
and the lett was 12 cm. In other words, the 
recovery was more rapid in the leit eye 


in 


eve 


Dr. Lupwic von SALLMANN (New York): Ina 
small series of patients at Presbyterian Hospital in 
which we used the compounds under discussion, the 
findings of Dr. Abraham were, 
firmed. 1 was interested to hear that in two cases 


in general, con- 


ABRAHAM 


Dr. Abraham also observed a rise of intraocular 
pressure after the use of GT-75. We had the mis- 
fortune to produce with this compound a glau- 
comatous attack in both eyes of a patient in whom 
no disposition to glaucoma was suspected. I should 
like to know whether Dr. Abraham feels that the 
rapidity of the dilatation of the pupil has anything 
to do with this unfavorable response. 


Dr. AspkAHAM: About 20 years ago I made a 
report on mydriatic glaucoma. The report was based 
primarily on a questionnaire. It indicated that acute 
glaucoma could occur at any time if the pupil was 
large enough and there was a vasomotor disturbance 
strong enough to cause an increase in the blood 
volume in the eye. 

It had nothing particular to do with the speed of 
the attack; it just happened that the pupil was still 
too large and the circulation was still too disturbed 
at the time of the attack. 


Dr. Davin G. Cocan (Boston): I would like to 
make a comment that does not apply to Dr. Abra- 
ham’s remarks but rather to drugs in general. 

The comparative percentage of drugs is no in- 
dication of the efficacy of those drugs. The portion 
of the molecule that has a pharmacologic effect may 
be a very small fraction of the over-all part of that 
molecule. The rest of it may have no toxic and no 
pharmacologic significance. 

In saying that one drug is effective in one-percent 
concentration and that another drug has that same 
effect in five-percent concentration is no indication 
of the relative practical value of those two drugs. 
There is no reason why the five-percent drug cannot 
be used as well as the one-percent drug. 

The important thing is, what is the relation of 
the pharmacologic effect as compared with the toxic 
effect? I don’t think that has ever been spelled out 
in our ordinary testing, and we ought to have some 
unit of measurement in evaluating new drugs that 
would incorporate the safe dose of a drug that may 
be used as a function of the pharmacologic effect. 

It is possible that a drug im five-percent con- 
centration may actually be much less toxic than the 
one that has a one-percent concentration. Therefore, 
from the practical point of view it may be a more 


beneficial drug. 

It seems to me that the relationship of pharmaco- 
logic to toxic effect is surprisingly disregarded in 
favor of the over-all figure of just a simple per- 


centage. 


Dr. ApkAHAM: May I say just a word on that: 
What you say is true. The reports from the drug 
company are that these particular drugs have a 
very low lethal dose, a low toxicity from a general 
injection and absorption point of view. 

In point of percentages, in some eyes I used one 
drop, in other eyes three drops, and sometimes even 
six drops. The effectiveness was definitely pro- 
portionate to the number of drops used. 


STUDIES IN ANTIBIOTIC ANTAGONISM 


AND SYNERGISM* 


TIE COMBINED ACTION OF PENICILLIN AND CHLOROMYCETIN IN VITRO AND 


IN INTRAOCULAR STAPHYLOCOCCAL INFECTIONS 


Joun C. Locke, M.D. 


Montreal, 


Exogenous intraocular infections require 
early and intensive antibacterial therapy, 
since the fate of the eye may be determined 
during the first 24 hours. During the time 
required for the identification of the offend 
ing organisms and for the in vitro determina 
tions of their antibiotic sensitivities, it would 
seem advisable to employ a combination of 
chemotherapeutic agents, as suggested by 
von Sallmann.' 

In a previous communication,”? the local 
use of a mixture of penicillin and strepto- 
mycin was recommended. That these two 
drugs are indeed mutually helpful has since 
been generally borne out.*° Some investi- 
gators have shown an actual synergism! be- 
tween them, the combined effect being greater 
than a mere summation of individual drug 
effects.°° 

Penicillin 


and streptomycin? can be 
*From the Department of Ophthalmology, Co- 
lumbia University College of Physicians and Sur- 
geons. This study was supported by the Knapp 
Memorial Foundation and was included in a thesis 
submitted in partial fulfillment of the requirements 
for the degree of Doctor of Medical Science, Co- 
lumbia University. Read in part at the 21st scientific 
meeting of the Association for Research in Oph- 
thalmology, Inc., Chicago, June 11, 1952 

* With regard to the definition of terms such as 
“synergism,” “additive effect,” and so forth, I am in 
agreement with H. W. Florey,” who st: “Since 
antibiotics act in a highly selective manner on the 
bacterial cell and® can only do so under particular 
conditions of environment and metabolism, any com- 
bined action by which the two together act better 
than either alone is inevitably an intricate matter. 
Expressions such as ‘synergism,’ ‘potentiation,’ and 
‘additive effect’ come to have less and less meaning 
as the elaborate nature of the mechanisms involved 
is appreciated better.” 

In all subsequent passages in this paper, these 
terms will only be used in the most general sense, 
to refer merely to any enhancement of antibacterial 
effect. Similarly the term “antagonism” is to be 
taken to include any diminution of such effect of 
one antibiotic by another. 


ites; 


“J 


Canada 


given together, by subconjunctival injection, 
in higher concentrations than other presently 
available antibiotics. Because of the restric 
tion of the total fluid volume that can be 
injected subconjunctivally, the addition of a 
third antibiotic to this mixture would only 
serve to reduce its antibacterial activity. 

It would seem advisable, however, to rein- 
force the local therapy with some type of 


systemic therapy. Penicillin,’®*°  strepto- 
mycin,** and aureomycin**:** do not enter the 
ocular tissues readily when given systemi- 
cally. The sulfonamides enter with greater 
ease,*"*° but are inhibited in pus. 

neither of 


these disadvantages. Leopold’s studies®* have 


Chloramphenicol possesses 


shown that it enters the ocular tissues in 


therapeutic concentrations even following 
ora] administration, and reaches still higher 
concentrations after intravenous injection. 

It has a broad antibacterial spectrum,°*~** 
is relatively nonirritating to the gastrointes- 
tinal tract,**~** is stable,*® and relatively 
inexpensive. These factors should serve to 


make chloromycetin a valuable systemic 
adjunct to local therapy. 

These experiments seemed indicated when 
two papers, published early in 1950 by 
Jawetz and his co-workers,*** reported an 


t No observations were found in the literature 
regarding the tolerance of the tissues to subcon- 
junctival injections of streptomycin, I have, on 
several occasions, injected up to 125,000 lug, of 
streptomycin, combined with 250,000 units of penicil- 
lin, in a total volume of 0.5 cc. of distilled water, 
at 12-hour intervals, for up to eight injections, in 
human patients, with no undue reaction of the tis- 
sues. (The addition of 0.10 to 0.15 cc. of two-per 
cent novocaine to this mixture renders the treatment 
less painful. This should be drawn into the syringe 
after the antibiotic solution and injected immedi 
ately since, if it is allowed to mix with the penicil 
lin, precipitation occurs.) 
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antagonism of penicillin action by chloro 
mycetin, In the first of these,” it was ob 
served that chloromycetin interfered with the 
bactericidal action of penicillin in vitro on 


The 


paper*® reported an antagonism of penicillin 


many strains of enterococci. second 
by chloromycetin in vivo in the treatment of 
highly fatal experimental infections in mice 
caused by beta hemolytic streptococci. 

The purpose of this study was to investi- 
gate further the antagonistic and/or syner- 
gistic relationships between penicillin and 
chloromycetin, and particularly to determine 
the significance of these in the treatment of 
exogenous intraocular staphylococcal infec 
tions. 

The in vitro techniques were used to in 
vestigate the more basic aspects of the prob 
lem. These were supplemented by in vivo 
studies carried out on experimentally in 
fected rabbit eyes. 

The test organisms used throughout were 
isolated 


strains of Staphylococcus aureus, 


from human conjunctivas. 


Since the beginning of this work, the ob- 


servations of Jawetz and co-workers on 


penicillin-chloromycetin antagonism have 


been extended,” *” and similar interfer- 


ences with the action of penicillin have been 
reported for aureomycin, terramycin,®*** and 
the As 


have been warned against the use of untried 


sulfonamides. a result, clinicians 


antibiotic combinations 
IN VITRO EXPERIMENTS 

To demonstrate antagonism of one anti 
bietic by another, by in vitro techniques, it 
seemed desirable to use strains of test or- 
ganisms which did not already need high 
concentrations of the antibiotics in question 
for their inhibition. On the other hand, to 
show synergistic or additive phenomena, the 
opposite appeared to be true. 

With this in mind, eight strains of Staphy- 
lococcus aureus were first tested for their in 
vitro sensitivities to penicillin and chloro- 
mycetin. Three strains were found which 
had intermediate degrees of sensitivity to 
each antibiotic. These required 7.5 wg. per 


LOCKI 


ce, of chloromycetin and amounts varying 
from 0.075 to 0.15 units per ce. of penicillin 
for their im vitro inhibition. 

Pwo methods of approach were used: (1) 
A serial dilution-visible turbidity technique, 
and (2) a serial dilution-colony count tech 
nique. 

For each experiment, a fresh solution of 
crystalline sodium penicillin G. was first pre 
pared in normal saline. The chloromycetin, 
on the other hand, was made up as a stock 
solution (1.0 mg. per ce., in normal saline ) 
and after being sterilized by Seitz filtration, 


was kept in the refrigerator (6°C.). A fresh 


stock solution was prepared every two 
weeks. Subsequent dilutions of the anti 
biotics were made in broth. 

The media used throughout were heart 


infusion breth and agar (Bacto-Difco). 


TURBIDITY 


EXPERIMENTS 


The criterion for inhibition of an organ 


by the antibiotic mixture in question 


ism 
was the absence of visible turbidity in th 
broth tubes after 48 hours of incubation at 


Strain sensitivits 


Hynes 


tests showed that this strain of Staphylo 


Preliminary 


coccus aureus was inhibited in broth by 0.15 
units per cc. of penicillin, but not by 0.10 
units and by 7.5 pg. per ce. of 
chloramphenicol, but not by 5.0 ug. per ce. 


per 


In the experiment, four rows of five tubes 
were set up—the tubes of each row contain 
ing 0.0, 0.025, 0.05, 0.10, and 0.15 units per 
cc. of penicillin, respectively, in a volume of 
1.8 cc. of broth (table 1). 

In the first of these rows, penicillin was 
the sole antibiotic present; the second row 
contained, in addition, 2.5 pg. per cc. of 
chloromycetin; the third row contained 5.0 
wg. per ce., and the fourth row mtained 7.5 
of chloromycetin. In this way, 
chloro 


pg. per cc. 


concentrations of penicillin and 
mycetin, which were just above and below 
those required for inhibition of this strain, 


were combined. 


ANTIBIOTIC ANTAG( 


INISM AND SYNERGISM 


TABLE 1 


VISIBLE TURBIDITY OF BROTH CULTURES ¢ 


EXPOSED TO VARYING CONCENTRATIONS OF 


PHENICOL ALONI 


Chloramphenicol 
Concentration 
(ug. per ml 


0.0 0.025 
0.0 4 
2.5 +4 he of 
5.0 “ 
7.5 


yw STRAIN HYNES WHEN THE ORGANISMS ARI 
PENICILLIN AND CHLORAM- 


AND IN COMBINATION 


Concentration of Penicillin 


(units per ml. 


0.05 0.15 


Indicates moderate to dense visible turbidity after 48 hours’ incubation at 37°C. 


+ Indicates slight visible turbidity after 48 hours. 


Indicates no visible turbidity. 


Each tube was inoculated with 0.2 ce. of a 
18-hour broth culture. 
C. for 48 
visible tur- 


10° dilution of an 
The tubes were incubated at 37 
hours and then examined for 
bidity. The experiment was repeated and the 
results were the same in both instances. 

Results (table 1). Bacterial growth was 
again inhibited by 0.15 units per cc. of peni- 
cillin alone, and not by 0.10 units per cc.; 
by y pg. per cc. of chloramphenicol alone, 
and not by 5.0 ug. per ce. 

The addition of inhibitory or subinhibitory 
amounts of chloramphenicol did not interfere 
with the ability of penicillin to prevent visible 
bacterial growth when this antibiotic was 
present in its minimal inhibitory concentra- 
tion (0.15 units per ce.). 

On the other hand, when chloromycetin, 
in an amount which was just insufficient to 
inhibit growth (5.0 wg. per cc.), was added 
to subinhibitory concentrations of penicillin 
(0,025, 0.05, and 0.10 units per cc.), visible 
turbidity was prevented in all three tubes. 

Less than half the inhibitory concentration 
of chloramphenicol (2.5 wg. per ce.), when 
combined with 0.10 units per ce. of penicil- 
lin (itself not inhibitory), prevented visible 
turbidity at 48 hours. The same concentra 
tion of chloromycetin lessened the degree of 
turbidity when combined with 0.05 units per 
ce. penicillin, and had no effect that could be 
determined by this method when combined 
with 0.025 units per ce. penicillin. 


Strain Margolli and Strain Slade. Similar 
experiments with the two other strains of 


Staphylococcus aureus produced results of 
the same nature. 


Comment 


These experiments failed to demonstrate 


any antagonism between penicillin and 
chloromycetin, but did demonstrate an addi 
tive effect between the two drugs in that 
concentrations of each drug, which by them 
selves failed to inhibit growth, when com 
bined, resulted in mixtures that were 
inhibitory. 

It must be pointed out, however, that serial 
dilution experiments such as these, where the 
criterion of antibiotic activity is the presence 
or absence of visible turbidity, give informa 
tion only about the bacteriostatic powers of 
the drug or drug combination. No informa 
tion concerning the rate or degree of hac 
tericidal action of the drugs can be deduced. 

From the experiments described above, it 
be that the bacteriostatic 


power of a penicillin-chloromycetin combina 


can concluded 
tion is greater than that of either drug alone. 
To determine the effect of combining the 
two drugs on hactericidal action, it is neces 
sary to do colony counts of organisms ex 
posed to various concentrations of the anti 
biotics, alone and in combination, at varying 
time intervals following inoculation. 

This has been stressed by the experiments 
of Jawetz and his associates.** Failure to 
understand this explains in part the diver 
gence of conclusions reached by different 
workers, in earlier experiments, regarding 
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the effects in vitro of combining penicillin 
with the sulfonamides.” 


Il. SertaAL pILUTION—-COLONY COUNT EX 
PERIMENTS 
From a study of Table 1, it is seen that 


four different combinations of results oc- 
curred, depending on the concentration of the 
antibiotics used in combination: 


An 


antibiotic combined with an inhibitory con 


inhibitory concentration of one 
centration of the other to give a mixture 
which was inhibitory (for example, 0.15 
units per ce. penicillin with 7.5 pg. per ce. 
chloromycetin 

2. An 


antibiotic combined with a noninhibitory con- 


inhibitory concentration of one 
centration of the other to give a mixture 
which was inhibitory (for example, 0.15 
units per cc. penicillin with 5.0 pg. per ce. 
chloromycetin). 

3. A noninhibitory concentration of one 
antibiotic combined with a noninhibitory 
concentration of the other to give a mixture 
which was inhibitory (for example, 0.10 
units per ce. penicillin with 5.0 pg. per ce. 
chloromycetin). 

4. A noninhibitory concentration of one 
antibiotic combined with a noninhibitory 
concentration of the other to give a mixture 
which was noninhibitory (for example, 
0.025 units per ce. penicillin with 2.5 ag. per 
cc. chloromycetin). 

In the serial dilution-colony count experi- 
ments which follow, each of these different 
combinations of results was investigated. 

Technique. In each experiment, four broth 
samples were simultaneously moculated and 
studied. These (1) No drug 


(broth control culture) ; (2) penicillin alone ; 


contained : 


(3) chloromycetin alone; and (4) a combi 
nation of penicillin and chloromycetin in the 
same concentrations. The total volume of 
each sample, including the inoculum, was 
10.0 ce. 

The same three strains of Staphylococcus 
aureus were used as in the earlier serial dilu- 
tion-visible turbidity experiments 


LOCKE 


Where one or both drugs were used in 
subinhibitory (partially bacteriostatic) con 
centrations, the bacterial inoculum consisted 
of 1.0 ce. of a 10% dilution of an 18-hour 
broth culture, containing 10°/10° organisms. 
However, where the two drugs were used in 
inhibitory (bactericidal) concentrations, 1t 
was thought advisable to increase the inocu 
lum, and accordingly, 0.5 ce. of an undiluted 
18-hour broth containing 10°/10" 


organisms, was used. 


culture, 


All cultures were incubated at 37°C. 

At intervals, aliquots were removed from 
the test mixtures, and the numbers of viable 
organisms determined by serial dilution and 
plate count. 

In a final experiment, colony counts were 
made after exposure of the test organism to 
bactericidal concentrations of the two anti- 
biotics, alone and in combination, where the 
exposure was: (1) To chloramphenicol alone 
for one hour before the penicillin was added ; 
(2) to penicillin alone for one hour before 
the chloramphenicol was added; and (3) to 
both drugs at the same time. 

Results. Antibiotic concentrations, which, 
in visible turbidity experiments, were in- 
hibitory (after 48 hours), were found, in the 
colony count experiments, to have a_bac- 
tericidal effect (tables 2, 6, 7, and 8; figs. 
1, 4, 5, and 6). 

While the ultimate effect of subinhibitory 
concentrations was always that of partial 
bacteriostasis only (tables 3, 4, 5, 6, and 7; 
figs. 2, 3, 4, and 5), with the higher of these 
an initial transient bactericidal effect was 
observed. 

The results of the colony count experi- 
ments may be conveniently classified in 
groups to represent all possible combinations 
of the above phenomena: 

A 
antibiotic combined with a bactericidal con- 
centration of the other (table 2; fig. 1). 

2. A partially bacteriostatic concentration 


bactericidal concentration of one 


of one drug combined with a partially bac- 
teriostatic concentration of the other: (a) 
Where no initial bactericidal effect is present 


ANTIBIOTI 


ANTAGONISM 


AND SYNERGISM 


TABLE 2 


NUMBER OF VIABLE 


STAPHYLOCOCCI! PRESENT FOLLOWING EXPOSURE OF 


AN 18-HOUR CULTURE OF 


STRAIN MARGOLLI TO BACTERICIDAL CONCENTRATIONS OF PENICILLIN (1.0 UNIT PER ML.) 
AND CHLORAMPHENICOL (25 wG. PER ML.) ALONE AND IN COMBINATION 


Number of Viable Bacteria per ml. 


At Time of 
Inoculation 


20 .000 
20 
20 ,000 
20 ,000 


Control (no drug) 
Penicillin 
Chloramphenicol 
Mixture 


for either (table 3; fig. 2); (b) where an 
initial bactericidal effect is present for one 
or both drugs (tables 4 and 5; fig. 3). 

3. A bactericidal concentration of one drug 
combined with a partially bacteriostatic con- 
centration of the other (tables 6, 7; figs. 4 
and 5). 

Control experiments indicated that a two- 
fold or greater difference in the calculated 
of inoculated 


populations simultaneously 


sample Ss could be considered as significant. 


A. Exposure OF ORGANISMS (10°/10° per 


ml.; strains Margolli, Hynes, and Slade) to 
bactericidal concentrations of p nicillin (1.0 
unit per ml.) and chloramphenicol (25 yg. 
per ml.) alone and in combination. 

All three strains showed similar results. 
Only strain Margolli is tabulated (table 2; 
fig. 1). 

In every case, while the effect of the mix- 
ture on the organisms remained a bactericidal 
one, this was consistently and significantly 
less than that of penicillin or chloromycetin 
alone at all time intervals tested (17 to 46 


40 Hours after 


17 Hours after 
i Inoculation 


Inoculation 


1,500 ,000 ,000 
2,000 

80 ,000 
800 , 000 


400 ,000 ,000 
50 
1,000 ,000 
7,000 ,000 


NUMBER OF VIABLE BACTERIA PER ML 


HOURS AFTER INOCULATION 


Fig. 1 (Locke). Graph ri presentation of 
slat n hile ? 
ata in ule 2 


hours after inoculation). 

The magnitude of the differences varied 
from to 1ll-fold when compared to 
chloramphenicol, and from 140 to 42,000 


fold when compared to penicillin. 


2.3 


(10°/10° 
ml. ; strains Margolli and Hynes) to partially 
of 


B. EXposurRE OF ORGANISMS per 


bacteriostatic concentrations penicillin 


rABLE 3 


NUMBER 
MARGOLLI 


VIABLE STAPHYLOC 
rO PARTIALLY 
CHLORAMPHENICOL (2.5 PER MI 
NO EARLY BACTERICIDAL EFFEC! 


OCCT PRESENT 


FOLLOWING EXPOSURI 
BACTERIOSTATIC CONCENTRATIONS OF 
ALONE 


STRAIN 
PER ML.) AND 


OF AN 18-HOUR CULTURE OF 
PENICILLIN (0.025 UNITS 
AND IN COMBINATION, WHERE 
IS PRESENT FOR EITHER DRUG 


Number of Viable Bacteria per ml. 


\t Time of 
Inoculation 


446 
446 
446 
446 ,000 


Control (no drug 
Penicillin 
Chloramphenicol 
Mixture 


26 Hours after 
Inoculation 


7 Hours after 
Inoculation 


145,000 ,000 
60,000 ,000 
10,500,000 

1,000 ,000 


, 000 ,000 
, 000 
21,000 ,000 
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TABLE 4 
NUMBER OF VIABLE STAPHYLOCOCCL PRESENT FOLLOWING EXPOSURE OF AN 18-HOUR CULTURE OF STRAIN 
CONCENTRATIONS OF PENICILLIN (0.05 UNITS PER MI AND 


MARGOLLI 


PARTIALLY 


BACTERIOSTATIC 


ALONE 
EFFECT FOR ONE 


CHLORAMPHENICOL (5.0 wG. PER ML.), 
EARLY BACTERICIDAL 


AND IN COMBINATION, WHERE AN 


DRUG (PENICILLIN) IS PRESEN! 


Number of Viable Bacteria per ml. 


At Time of 7 Hours after 24 Hours after 
Inoculation Inoculation Inoculation 
Control (no drug 400 .000 1,500,000 500 ,000 
Penicillin 400 6,200 +000 ,000 
Chloramphenicol 400 ,000 1,000 ,000 100 ,000 
Mixture 100 272,000 2,400 
~ 
00 
x = 
100,000} w 100,000) we 
w 
0,000} —aA Control- 0 drug | 
« 1,000} chioramphenico! $ 1,000} 
mature rol mo drug 
<= 100} Q---0 pe 
} > 
> 
4 4 
HOURS AFTER INOCULATION HOURS AFTER INOCULATION 
Fig. 2 (Locke). Graphic presentation of Fig. 3 (Locke). Graphic presentation ot 
data in Table 4 


data in Table 3 


(0.025 units per ml.) and chloramphenicol 
(2.5 wg. per ml.) alone and in combination, 
where no early bactericidal effect is present 
for either drug 

Both strains showed similar results. Only 
strain Margolli is tabulated (table 3; fig. 2). 

In each case, while the effect of the mix 
ture on the organism remained a bacterio 
static one, this was consistently and signifi 
cantly greater than that of penicillin’ or 
chloramphenicol alone at both time intervals 
tested (seven and 26 hours after inocula 
tion). 

The magnitude of the differences varied 
from 8.7 to 264-fold when compared to 
chloramphenicol, and from 3.4 to 60-fold 


when compared to penicillin. 


C. Exposure oF orRGANISMS (400,000 per 
mil.; strain Margolli) to partially bacterio 
static concentrations of penicillin (0.05 units 


per ml.) and chloramphenicol (5.0 pg. per 


ml.) alone and in combination, where an 
early bactericidal effect for one drug (peni 
cillin) is present (table 4; fig. 3). 

Chloramphenicol was only partially and 
eakly bacteriostatic throughout. 

At seven hours after inoculation, the mix 
ture showed a bactericidal effect (272,000 
viable organisms) which was considerably 
than the effect 
penicillin alone (6,620 organisms ). 

By 


y 24 hours following inoculation, how 
ever, the bactericidal effect of the mixture 


was greater (2,400 organisms), while that of 


less initial bactericidal of 


the penicillin alone had not been maintained 
(4,000,000 viable organisms). 

D. Exposure oF ORGANISMS (458,000) per 
ml.; strain Hynes) to partially bacteriostatic 
concentrations of penicillin (0.05 units per 


ml.) and chloramphenicol (5.0 wg. per ml.) 


ANTIBIOTIC ANTAGONISM AND SYNERGISM 


TABLE 5 


NUMBER OF VIABLE STAPHYLOCOCCI PRESENT FOLLOWING EXPOSURE OF AN 18-HOUR CULTURE OF STRAIN 
HYNES TO PARTIALLY BACTERIOSTATIC CONCENTRATIONS OF PENICILLIN (0.05 UNITS PER ML.) AND CHLORAM- 
PHENICOL (5.0 wG. PER ML.), ALONE AND IN COMBINATION, WHERE AN EARLY 
BACTERICIDAL EFFECT FOR BOTH DRUGS IS PRESENT 


Number of Viable Bacteria per ml. 


\t Time of 7 Hours after 15 Hours after 41 Hours after 
Inoculation Inoculation Inoculation Inoculation 


Control (no drug 458 90 ,000 170,000 , 000 488 ,000 .000 
Penicillin $58 ,000 12,380 400 ,000 10,000 
Chloramphenicol $58 000 80,000 800 ,000 1,200,000 
Mixture $58 000 77,200 560 4 


alone and in combination, where an early organisms), which was significantly less, 
bactericidal effect for both drugs is present however, than that of penicillin (3,080 viable 
(table 5) organisms). While the ultimate effect of 
At seven hours following inoculation, the both the mixture and the penicillin’ was 
bactericidal effect of the mixture (77,200 © sterilization of the culture, this occurred 
viable organisms ) was significantly less than sooner with the penicillin alone. (b) Penicil- 
that of penicillin alone (12,380 organisms), lin bacteriostatic (0.075 units per ml.) with 
and about the same as for chloramphenicol early bactericidal effects ; chloramphenicol 
alone (80,000 organisms per cc.). bactericidal (7.5 pg. per mil.)—(400,000 
At 15 and 41 hours following inoculation, organisms per ml. at time of inoculation ) 
however, continuation of the bactericidal (table 7; fig. 5). 
action of the mixture had almost sterilized At seven hours after inoculation, the mix- 
the culture (560 organisms at 15 hours; four ture showed a bactericidal effect (73,000 
viable organisms at 41 hours), while the viable organisms per ml.) which was 
bactericidal action of each antibiotic alone greater than that for chloramphenicol alone 
had not been maintained (1,200,000 viable (236,000) but less than that of the initial 
organisms in the case of chloramphenicol ; and temporary bactericidal effect of penicillin 
10,000,000 organisms in the case of pen- alone (1,000 organisms). 
icillin). By 17 and 44 hours following inoculation, 
however, the bactericidal effect of the mix- 
2. EXPOSURE OF ORGANISMS (strain Hynes) ture and of the chloramphenicol had in- 
to a bactericidal concentration of one drug creased (still maintaining a very similar 


and a partially bacteriostatic concentration quantitative relationship between them), 


of the other, alone and in combination. while that of the penicillin had not been 

(a) Penicillin bactericidal (0.15 units per maintained (8,500,000 organisms ). 

ml.) ; chloramphenicol bacteriostatic (4.5 pg. 

per ml.)—(400,000 organisms per ml. at F. NUMBER OF VIABLE STAPHYLOCOCCI 

time of inoculation) (table 6; fig. 4) (strain Hynes) present following exposure 
Chloramphenicol was only partially bac- of an 18-hour culture to bactericidal concen 

teriostatic throughout (970,000 organisms at trations of penicillin (2.0 units per ml.) and 

seven hours after inoculation; 752,000 or- chloramphenicol (25.0 gg. per ml.), alone 

ganisms per ml. at 24 hrs.; and 19,000,000 — and in combination, when the organisms are 

viable organisms at 48 hours following in- exposed to 

oculation ). Vixture 1—to chloramphenicol for one 
At seven hours after inoculation, the mix- hour before the penicillin is added 

ture showed a bactericidal effect (30,400 \Vixture 2—-to both drugs at the same time 
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rABLE 6 


NUMBER OF VIABLE STAPHYLOCOCCI PRESENT FOLLOWING EXPOSURE OF AN 18-HOUR CULTURE OF STRAIN 
HyNes TO A BACTERICIDAL CONCENTRATION OF PENICILLIN (0.15 UNITS PER ML.) AND A 
PARTIALLY BACTERIOSTATIC CONCENTRATION OF CHLORAMPHENICOL 
(4.5 wG. PER ML.), ALONE AND IN COMBINATION 


Number of Viable Bacteria per ml. 


7 Hours after 
Inoculation 


At Time of 
Inoculation 


24 Hours after 
Inoculation 


48 Hours after 
Inoculation 


Control (no drug) 400 000 100 ,000 ,000 400 ,000 ,000 — 
Penicillin 400 ,000 3,080 0 

Chloramphenicol 400 970 752.000 19 000 
Mixture 400 ,000 30,400 220 0 


Mixture 3—to penicillin for one hour 
before the chloramphenicol is added (table 
8; fig. 6) 

The number of viable organisms in each 
sample immediately following inoculation 
was 22,000,000 per ce. 

The bactericidal effect of each of the mix- 
tures was significantly less than that of 
penicillin alone (32,200 viable organisms). 
(Initial population of each sample as noted 
above : 22,000,000 organisms /ce. ) 

It was least where the organisms had been 
exposed to chloramphenicol first (Mixture 
1: 10,000,000 viable organisms) ; 
greater when they were exposed to both 
(Mixture 2: 


somewhat 


antibiotics at the same time 
2,840,000 organisms ) 
they were exposed to the penicillin for one 
hour before the addition of the chloramphen- 
324,000 organisms). The 


bactericidal effects of Mixtures 1 and 2 were 


; and greatest when 


icol (Mixture 3: 
significantly less than that of chloramphen- 


icol alone (334,000 organisms); that of 


Mixture 3 was almost the same. 


Comment 


The colony count experiments confirm the 
conclusion drawn from the visible turbidity 
experiments that the bacteriostatic power of 
penicillin-chloromycetin combination is 
greater than that of either drug alone. In 
every instance where partial bacteriostasis 
occurred from the use of either drug alone, 
this was greater for the mixture (tables 3, 
4, and 5; figs. 2 and 3). 


When one of the antibiotics showed an 


= 
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> ~ mature 
~ 
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a 
> 
<= 
HOURS AFTER INOCULATION 
Fig. 4 (Locke). Graphic presentation of 


data in Table 6. 


initial, though transient, bactericidal effect, 
the mixture proved bactericidal throughout 
and an extreme difference in the number of 
viable organisms ultimately resulted (tables 
4 and 5; fig. 3). 

On the other hand, in every instance in 
which a consistently hactericidal effect was 
obtained from the use of either drug alone, 
this was diminished when the two were com- 
bined (tables 2 and 8; figs. 1 and 6). 

Where the bactericidal action was tran 
sient, the antibiotic antagonism was likewise 
transient (tables 4, 5, and 7; figs. 3 and 5). 

The antagonism was most marked when 
the organisms were exposed to chloromycetin 
for one hour before the penicillin was added, 
and least marked when exposed to penicillin 
for one hour before the addition of chloro 
mycetin (table 8; fig. 6). Jawetz and his 
associates have recently reported a similar 


finding.*° 


ANTIBIOTIC ANTAGONISM AND SYNERGISM 


TABLE 7 


PRESENT FOLLOWING EXPOSURE OF 
HYNES TO A PARTIALLY BACTERIOSTATIC CONCENTRATION OF PENICILLIN (0.075 UNITS 
PER ML.) AND A BACTERICIDAL CONCENTRATION OF CHLORAMPHENICO! 


(7.5 PER ML.), ALONE AND IN COMBINATION 


NUMBER OF VIABLE STAPHYLOCOCCI AN 18-HOUR CULTURE OF STRAIN 


Mls 


Number of Viable Bacteria per ml. 


At Time of 


Inoculation 


44 Hours after 
Inoculation 


7 Hours after 


17 Hours after 
Inoculation 


Inoculation 


Control (no drug) 400 ,000 15,000 ,000 200 000 ,000 420,000 ,000 


Penicillin 
Chloramphenicol 
Mixtu c 


400.000 
400 ,000 
100.000 


NUMBER OF VIABLE BACTERIA PER ML 


HOURS AFTER INOCULATION 


Fig. 5 (Locke) 


data im 


Graphic presentation of 


Table 7. 


In no instance was the antagonism of one 
antibiotic by the other sufficient to change a 
bactericidal effect into a partially bacterio- 
static one. The interference remained at all 
times merely one of degree. ° 

The the bactericidal 


interference with 


1,000 
» 000 


120,000 
8,220 
700 


& 500,000 
140 
40 


rampnenicol 


«ture chiora - first) 
mosture both 


gether) 


mixture 3 (penicillin first 


NUMBER OF VIABLE BACTERIA PER ML 


HOURS AFTER INOCULATION 


Fig. 6 (Locke). Graphic presentation of 
data in Table &. 


action of penicillin by chloromycetin was 
greater and more consistent than was the 
reverse. The former occurred in all eight 
possible instances, the reverse action in four 
out of six possible times. It must be noted 
that penicillin was generally used in the more 


TABLE 8 
NUMBER OF VIABLE STAPHYLOCOCCI PRESENT FOLLOWING EXPOSURE OF AN 18-HOUR CULTURE OF STRAIN 
HYNES TO BACTERICIDAL CONCENTRATIONS OF PENICILLIN (2.0 UNITS PER ML.) AND CHLORAMPHENICOL (25 
uG. PER ML.) ALONE AND IN COMBINATION, WHEN THE ORGANISMS ARE EXPOSED: (1) TO CHLORAMPHENICOL 


FOR ONE HOUR BEFORE THE PENICILLIN IS ADDED, (2 


rO BOTH DRUGS AT THE SAME TIMF, AND (3) 


TO PENICIL- 


LIN FOR ONE HOUR BEFORE THE CHLORAMPHENICOL IS ADDED 


Control (no drug) 

Penicillin 

Chloramphenicol 

Mixture (1)—Chlora. first 
Mixture (2)—Both together 
Mixture (3)—Peni. first 


Number of Viable Bacteria per ml. 


24 Hours after 
Inoculation 


At Time of 
Inoculation 
400 ,000 ,000 
32,200 
334,000 
10,100,000 
2.840.000 
324 ,000 


000 ,000 
000 
000 .000 
000 ,000 
000 ,000 
,000 ,000 


‘ 
| 
x 
— 
oe” 
- 
ain My 
10,900F . co 
| 
en, 
O---G pemctilin vo} 
Or chioramphenicc { 
? a4 
| 


84 JOHN C. LOCKE 


highly bactericidal concentrations. Jawetz did 
not observe antagonism of chloromycetin by 
penicillin, only the reverse. This is apparently 
the first demonstration of this phenomenon. 

Ihen a bactericidal concentration of one 
antibiotic was combined with a bacteriostatic 
concentration of the other there was a lessen- 
ing of the effect of the former and an en- 
hancement of the action of the latter, the 
total effect of the mixture remaining a bac- 
tericidal one (tables 6 and rf figs. 4 and 5). 

Jawetz and Speck** pointed out that “in- 
terference with the action of one antibiotic 
by another could conceivably take place in 
one of three ways: (a) the two drugs could 
interact with one another in some physical 
or chemical process, so that the resulting 
complex was of lesser chemotherapeutic 
efficacy ; (b) the two drugs might compete 
with one another for ‘receptors’ on the 
susceptible bacterial cells and through 
mass action, the less effective drug might 
thus interfere with the more potent one; (c) 
one drug might so change developmental 
characteristics or properties of the infecting 
microorganisms that their susceptibility to 
other agents is greatly diminished.” 

The results of our experiments eliminate 
the first two of these as possible mechanisms. 
With respect to the third possible mecha 
nism, however, it has been generally shown 
that the the 
bacterial growth, the more rapid the rate of 


more favorable medium for 
killing by penicillin.**** Conversely, condi 
tions that retard the growth of bacteria, re- 
duce the rate of killing by penicillin." 


Jawetz’s hypothesis’ that interference with 
the bactericidal action of penicillin by chloro- 
mycetin may be a manifestation of the latter 
phenomenon is supported by the results of 
our experiments. 

While these experiments, in part, serve 
to confirm the findings of Jawetz and his 
co-workers of an antagonism existing be 
tween penicillin and chloromycetin under 
certain circumstances, their greater impor- 
tance and originality lie in demonstrating and 


emphasizing the additive or synergistic re- 
lationships that may also exist between the 
two drugs and in clarifying events in the 
borderline area between these two phenom 
ena. 

In the in vivo experiments which follow, 
an attempt was made to determine which of 
these two phenomena was likely to be the 
more important, clinically, in the treatment 
of intraocular staphylococcal infections. 


IN VIVO EXPERIMENTS 


TECHNIQUE 


The same technique of inoculation was 
used as in our previous study,? 0.05 cc. of 
inoculum being injected into the anterior 
chamber of rabbit eves after making a linear 
incision in the anterior lens capsule and 
cortex with the hypodermic needle (30- 
gauge ). 

Staphylococcus aureus, strain Hynes, was 
used throughout. 

Preliminary inoculations were first made 
with varying dilutions in normal saline, of 
18-hour broth 


the dilution that would give 


cultures of this strain, to 


determin the 
most satisfactory test lesion. 

It was also necessary to determine the ap- 
proximate concentrations of the two anti- 
biotics, suited for experiments, 
For the demonstration of antagonism of pen- 
icillin action by chloromycetin, it was desir- 
able to the 
penicillin which would be 


use lowest concentration of 
therapeutically 
effective in a majority of eves, and to com 
bine with this, the highest, concentration of 
chloromycetin, which when used alone would 
be just insufficient to control the infection in 
the majority of eyes. 

For the demonstration of an additive effect 
between the two antibiotics, it was desirable 
to use such concentrations as would be just 
insufficient to produce good results, except in 
a minority of eyes treated. 

The antibiotics were applied, alone and in 


ANTIBLOTIC ANTAGONISM 


combination, to the experimentally infected 
eyes by corneal iontophoresis* (cathode on 
the eve; current at 1.6 ma.), after local 
anesthesia with 0.1-percent nupercaine, com- 
mencing four to five hours after inoculation. 
The applications were for five minutes, twice 
daily, for four to five days. 

Forty-one rabbits (82 eyes) were used. 

At first, the rabbits were inoculated and 
treated in groups of four (eight eyes). In 
any such group, two eyes were left untreated, 
two received penicillin alone, two received 
chloromycetin alone, and two a mixture of 
the antibiotics in the same concentrations. 
Later, as a definite trend in the results became 
apparent, additional eyes were inoculated and 
treated with either penicillin alone or with 
the mixture, in order to allow for a more 
rapid and significant comparison. 

A slight digression was made from the 
main course of the experiment when six eyes 
were injected subconjunctivally with 0.5 ce. 
of cortisone (25 mg. per ce.), immediately 
prior to inoculation, and the results compared 
control and to the antibiotic 


to the eves 


treated eves. 


convenient applying 
ltaneously. If the two drugs were 
clinically, however, as stated in the 
he subconjunctival route would be 

recomme “| for penicillin (with or wit! | 
addition 


caine) an the 


streptomycin, adrenaline, and 


route (or 


systemic 


venous) for chloromycetin 


rABLE 9 


EXPERIMENTAL INTRAOCULAR STAPH- 

YLOCOCCAL INFECTIONS STRAIN HYNES: IONTO- 

PHORESIS TWICE DAILY USING PENICILLIN, (4,000 
UNITS PER ML.), AND CHLOROMYCETIN, 

(2.5 MG. PER MI 


TREATMENT OF 


Results 
No. of 


lreatment 
I yes 


No 
Effect 
Chloromycetin 

Penicillin 

Penicillin-Chloromycetin 

Controls 


AND SYNERGISM 


ResULTS 

Inoculation of the eyes with a 10° dilution 
of Staphylococcus aureus, strain Hynes, pro- 
duced purulent intraocular infections which 
were too rapidly destructive to respond satis- 
factorily to any therapy tried. Inoculation 
with 10°* dilution produced mild self-limited 
infections in all eyes. Neither of these lesions 
was suitable for a comparative evaluation of 
different antibiotic solutions. 
with a 10° 
culture, however, produced lesions which 


Inoculation dilution of the 
when untreated, invariably developed sup- 
purative panophthalmitis, but, when ade- 
quately treated, did not progress (tables 9 
and 10). Here, there occurred a clearcut 
difference in end results between the control 
and unsuccessfully treated eyes on the one 
hand and the successfully treated eves on the 
other (figs. 7 and 8). 

The combination of antibiotic concentra 
tions used to investigate possible antagonism 
of penicillin effect by chloromycetin were: 
crystalline sodium penicillin G, 4,000 units 
per ce.; chloromycetin, 2.5 mg. per cc. Table 
9 shows the results of treatment with these 
concentrations, alone and in combination, of 
10 infected rabbit eves. 

Good results were obtained in four out of 
eight eves treated with chloromycetin alone, 
in nine out of 12 eyes treated with penicillin 
alone, and in nine out of 12 eves treated with 
the mixture of 
ophthalmitis developed in the eight control 


the two. Suppurative pan- 
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TREATMENT OF EXPERIMENTAL INTRAOCULAR STAPH- 
YLOCOCCAL INFECTIONS STRAIN HYNES: IONTOPHO- 
RESIS TWICE DAILY USING PENICILLIN (2,000 UNITS 
PER MI AND CHLOROMYCETIN, (1.75 MG. PER ML.) 
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Fig. 7 


eyes, and in the eyes not benefited by treat- 
ment. 

The combination of antibiotic concentra- 
tions selected to investigate possible additive 
effect was: crystalline sodium penicillin G, 
2,000 units per cc.; chloromycetin, 1.75 mg. 
per ce. Table 10 shows the results of treat- 
ment with these concentrations, alone and in 
combination, of 36 infected rabbit eyes. 

Good results were obtained in two out of 
eight eyes treated with chloromycetin alone, 
in three out of 10 eyes treated with penicillin 
alone, and in nine out of 10 eves treated with 
the mixture. Suppurative panophthalmitis 
developed in the eight control eves, and in 
the eyes not benefited by treatment. 

Pretreatment by subconjunctival injection 
of cortisone had no observable effect on the 
course of the infection in any of the six eyes 
so treated (table 10). All progressed to 
severe suppurative panophthalmitis at about 
the same rate and to the same degree as the 
control eves. 


COMMENT 


The results of these in vivo experiments 


Fig. 8 
Figs. 7 and 8 (Locke). Results of treatment using penicillin and chloromycetin, alone and in combination. 
(Fig. 7) Control eye, showing severe suppurative panophthalmitis. (Fig. 8) Eye benefited by treatment. 


should be interpreted cautiously, for the 
following reasons: 

(1). Only two combinations of concentra- 
tions of the antibiotics were tested, and only 
one route of administration investigated. Be- 
cause the accumulation of significant data by 
this method of approach is costly and time 
consuming, it was not considered profitable 
to extend it further. 

(2). No data are available on which of 
the two antibiotics enter the anterior chamber 
first, when both are given by iontophoresis, 
or (if they enter together) which is the first 
to reach its peak concentration at the bac- 
terial site. Table 8 indicates that these are 
important considerations. 

(3). It is not known how the penetration 
of penicillin through the cornea, in ionto- 
phoresis, is affected by the addition of 
chloromycetin. Von Sallmann,' using sul- 
facetimide and penicillin, found approxi- 
mately the same concentrations in rabbit 
aqueous after iontophoresis with solutions 
containing both their sodium salts, as after 
iontophoresis with solutions containing the 
respective salt alone. 
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In his other experiments,** however, using 
penicillin alone, he measured far greater 
amounts in the aqueous when distilled water 
was used as a solvent, rather than 0.9-percent 
sodium chloride solution. Transient damage 
to the corneal epithelium, due to hypo- 
tonicity of the bathing fluid, was found to be 
the main factor in the increased penetration. 

In our experiments, no antagonism by 
chloromycetin of the beneficial effects of 
penicillin on experimental infections in 
rabbit eyes could be demonstrated. The con- 
centration of penicillin, which by itself was 
just enough to produce good results in a 
majority of eyes, was equally effective when 
combined with the concentration of chloro- 
mycetin, which, when used alone, was just 
insufficient to control the infection in a 
majority of eyes (table 9). 

On the other hand, when the antibiotics 
were combined in concentrations which by 
themselves were just unable to bring about 
a therapeutic effect (except in a minority of 
eyes), the proportion of good results was 


significantly higher than that seen after the 


use of each individual drug (table 10). 

The results of these studies therefore sug- 
gest that when penicillin is given locally 
in effective concentrations, in intraocular 
staphylococcal infections, the interference 
with its bactericidal action by chloromycetin 
(observed in vitro) may not be of practical 
significance. But when it is given in sub- 
optimal concentrations, the enhancement of 
its bacteriostatic action by chloromycetin 
may be of considerable value. 


SUMMARY 


1. In vitro, serial dilution-colony count 
experiments demonstrated that the antibac- 
terial effect of penicillin-chloromycetin com- 
binations, against three strains of Staphylo- 
coccus aureus, may be greater or less than 
that of either drug alone, depending upon the 
concentration of the antibiotic used and the 
antibiotic sensitivity of the organism. 

2. An effect when 


enhanced occurred 
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partially bacteriostatic concentrations of each 
antibiotic This 
firmed by serial dilution-visible turbidity ex- 


were combined. was con- 
periments. The greatest enhancement of anti 

bacterial effect occurred when one of the 
drugs showed an initial though transient 
bactericidal effect. 

3. In every instance in which a consistently 
bactericidal effect was obtained from the use 
of either antibiotic alone, this was diminished 
when the two were combined. Where the 
bactericidal action was transient the anti- 
biotic antagonism was likewise transient. 

The antibiotic antagonism noted was most 
marked when the microorganisms were ex- 
posed to chloromycetin for one hour before 
the penicillin was added, and least marked 
when exposed to penicillin for one hour 
before the addition of chloromycetin. 

In no instance was the antagonism of one 
antibiotic for the other sufficient to change 
a bactericidal effect into a partially bacterio- 
static one. The interference remained at all 
times one of degree. 

The the 
action of penicillin by chloromycetin was 


interference with bactericidal 
greater and more consistent than the reverse. 

4. When a bactericidal concentration of 
one antibiotic was combined with a bacterio- 
static concentration of the other, there was 
a lessening of the effect of the former and 
an enhancement of the action of the latter, 
the total effect of the mixture remaining 
a bactericidal one. 

5. In the treatment of experimental intra- 
ocular staphylococcal infections in rabbits, 
by corneal iontophoresis, no antagonism by 
chloromycetin of the beneficial effects of 
penicillin was demonstrated. When the anti- 
biotics were applied in suboptimal concen- 
trations, the proportion of controlled infec- 
tions was significantly higher than after the 
use of each drug alone. 

6. Pretreatment by subconjunctival injec- 
tion of cortisone had no observable effect on 
the course of the infection. 

1414 Drummond Street. 
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DIscuUSSION 


Dr. Irving H. Leoprotp (Philadelphia): Dr. 
Locke has reported on a carefully done, meticulous 
study. He has taken an extremely complex prob- 
lem and has tried to clarify the issue tor us. 

There are many factors which have to be con- 
sidered in dealing with combinations of antibiotics. 
Dr. Locke has noted in testing one or two strains 
of organisms that, when combinations of antibiotics 
are used such as penicillin and chloromycetin, they 
are not always antagonistic as suggested by others 
but may be synergistic. 

One wonders what would happen if a mixture of 
organisms were used, such as gram-positive with 
gram-negative organisms, and whether the combina- 


tion of penicillin and chloromycetin would be su- 
perior to chloromycetin alone or penicillin alone. 
Clinically, it is with mixtures of organisms that 


we are most likely to want to use a combination. 
Often, one does not know the responsible infecting 
agent. Then it is desirable to use an antibiotic or 
antibiotic combination which has a wide antibacterial 
spectrum. 

Among the many subjects of interest in Dr. 
Locke’s talk was the one of dosage. Dr. Locke 
pointed out that the combination of low dosage of 
chloromycetin and low dosage of penicillin pro- 
duced a greater bacteriostatic effect than either 
agent alone in the same dosage. Experience in the 
era of the sulfonamides taught the importance of 
hitting the infecting organism with large doses of 
sulfonamides over a long period of time. As we 
become acquainted with the newer antibiotics, it 
appears that this may not be desirable. It may be 
better to hit an organism with a large dose of 
penicillin once, rather than to repeat it at frequent 
intervals throughout any 24 hour period. It, per- 
haps, may be better to do the same thing with 
chloromycetin. 

The evidence available at the present time does 
not tell us any definite facts along this line, but it 
is suggestive that large doses of penicillin given at 
infrequent intervals is successful therapy for many 
infections. More data are needed concerning dosage 
schedules. More data of the type compiled by Dr. 
Locke are needed concerning combinations of anti- 
biotics. 


From the information presented by Dr. Locke, it 
is evident that the combination of penicillin and 
chloromycetin properly employed is not always an- 
tagonistic but may be additive or even synergistic in 
combined action against specific gram-positive or 
ganisms. 

However, this does not mean that all strains of 
staphylococci or streptococci respond in the same 
way to these combinations. 

Further detailed similar studies along this line by 
Dr. Locke will cast more light on this complicated 
subject. 


Dr. Samuet V. Aprauam (Los Angeles): My 
comment may be out of order, but it isn’t clear to 
me whether or not the experiment considered this 
particular point: 

If you take the same dosage of penicillin, for 
example, that you are considering in your experi- 
ment, and combine it with a similar dosage of 
chloromycetin in that particular experiment, and 
judge the results on the basis of the two, it does 
not seem to be statistically quite accurate that you 
should compare the results of the two together with 
the results of either one unless the amount of either 
one is of equivalent amount. 

For instance, if you found a certain percentage of 
penicillin effective, and added a certain amount of 
chloromycetin that was effective, and judged the 
result of the two together, as compared to each in 
dividually, it does not seem to be quite accurate. 
You should compare the results of the two with 
results of using an increased amount of cither one 
of them. Otherwise, the good results may be consid- 
ered due to additive factors rather than synergistic 
factors. 


Dr. James H. Atten (New Orleans) : I would 
like to compliment Dr. Locke on a very beautifully 
designed and well-executed experiment. I had the 
privilege of looking over his protocols before the 
meeting, and it seems to me that there could be 
very little improvement on the design and execu- 
tion of the experiments. 

The one question that does arise, however, is the 
practicability of this experiment in view of the 
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diminishing susceptibility of staphylococci to 
penicillin. The thing we have experienced has been 
a very rapid drop in susceptibility of staphylococci 
to penicillin. Some years ago as high as 95 percent 
of our strains of staphylococci were susceptible to 
penicillin. About two years ago the percentage of 
our ocular strains had dropped to around 60 per- 
cent that were susceptible to penicillin, and at the 
present time it is less than 40 percent. 

Our infectious disease laboratory, which checks 
susceptibility of staphylococci isolated from other 
sources has had a similar experience. 

Therefore, I wonder if Dr. Locke intends to 
imply that a combination of penicillin and chlor- 
amphenicol would be more effective than chlor- 
amphenicol alone in those cases in which penicillin 
alone is ineffective ? 


Dr. Locke (Montreal): In the treatment of an 
intraocular infection, the fate of the 
eye 1s usually determined within 24 to 48 hours after 
making the diagnosis, and therefore we are forced 
to administer immediately the most effective possi- 
ble antibacterial therapy. This therapy has to be 
commenced before the identities of the organisms 
involved and their antibiotic sensitivities are known. 

Three years ago, the local use of a mixture of 
penicillin and streptomycin in the treatment of such 
infections was recommended (Locke, J. C.: Experi- 
mental studies with antibiotics: Bacitracin, strep- 
tomycin, penicillin, and antibiotic mixtures in intra- 
ocular infections with penicillin-resistant staphylo- 
cocci. Am. J. Ophth., 32:135 (June Part I1) 1949) 
and I still feel that such a combination, given sub- 
conjunctivally, is the local treatment of choice. 


exogenous 
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We have given 1,000,000 units of penicillin sub- 
conjunctivally, and, as mentioned in the body of 
the paper, streptomycin can also be given subcon- 
junctivally in very high concentrations. I know of 
no other antibiotics that can be given locally in such 
concentrations, 

I am in agreement with Dr. Allen concerning the 
increase of resistance to penicillin by strains of 
staphylococci. However, the definition of resistance 
to an antibiotic is an arbitrary one. Effective ac- 
tion is dependent, among other things, upon the 
concentration of the antibiotic that can be obtained 
in the tissue where the infection lies. 

Using these massive local concentrations of 
penicillin, amounts sufficient to inhibit most strains 
of staphylococci can still be obtained in the ocular 
tissues of the anterior segment. 

Further, Jawetz has shown a true synergistic 
effect when penicillin and streptomycin are used to- 
gether, and he has also shown that adding strep- 
tomycin to penicillin more or less erases any an- 
tagonism of penicillin action by chloromycetin. 

Concerning the theory as to how the chloro 
mycetin interferes with the bactericidal action of 
penicillin, it is known that anything that inter- 
feres with the multiplication of organisms inter- 
feres with the bactericidal action of penicillin. It is 
felt that chloromycetin interferes in this manner. 

In answer to Dr. Abraham, we were interested 
in comparing the two drugs, using the same dosages 
alone and in combination, because in clinical prac- 
tice this is the way they would be used; the dosage 
of either drug would not be reduced when used in 
combination. 

I wish to thank Dr. Leopold for his discussion. 


NORADRENALINE 
THE EYE* 
M.D., AnD B. M.D. 


New York 


The concept of the nature of the adren- 
ergic nerve mediators has undergone several 
changes since Loewi' and Cannon? first in- 
terpreted the results of their fundamental 
work on neurohumoral transmission in the 
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sympathetic nervous system. The history of 
these changes has been reviewed repeatedly 
in recent years** and in the present report 
will be referred to only insofar as may be 
required for an understanding of the experi- 
mental approaches and their results. 

In 1946, von Euler’? demonstrated in an 
extract of the splenic nerves of cattle the 
presence of an adrenergic substance which 
showed the characteristics of noradrenaline, 
amine which differs from ad- 
the absence of the N-methyl 


the primary 
renaline by 
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group. A few years later Peart® (1949), 
working in Gaddum’s laboratory, provided 
experimental evidence that in the main nor- 
adrenaline, and not adrenaline, was released 
in vivo when the splenic nerves of cats were 
stimulated. The existence of two adrenergic 
transmitters in extracts of the adrenal 
medulla, suspected in 1948 by Holtz and 
Schiimann,® was proven chemically by Gold- 
enberg and associates'’ (1949) and by Berg- 
strom! and co-workers. 

From this 
emerged the now generally held opinion that 


and other investigations 
two substances, noradrenaline and adrenal- 
ine, serve neurohumoral transmission in the 
sympathetic nervous system and in organs 


innervated by adrenergic nerves. These com- 


pounds differ in many of the biologic re 


sponses they elicit. With reference to the eye, 
for example, adrenaline, has been shown to 
be more effective than noradrenaline in dilat- 
ing the normal pupil of the cat and in caus 
ing retraction of its nictitating membrane. 

Highly relevant to the study of intraocular 
pressure are the effects of adrenaline and 
noradrenaline on the general circulation. In 
contrast to the over-all vasodilation induced 
by adrenaline, changes in the blood pressure 
indicate that noradrenaline has in general a 
vasoconstrictor effect. Goldenberg and co 
workers™ have observed these effects in man, 
and observations on the cat have also re- 
vealed that noradrenaline in small quantities 
produces regularly a rise in blood pressure, 
whereas adrenaline exerts chiefly a vasode 
pressor effect. 

The present investigation was undertaken 
in an effort to relate the effect of physiologic 
amounts of these two hormonal substances 
on the blood pressure to their effects on the 
intraocular pressure. For this purpose a 
technique was elaborated which allowed the 
manometric registration of changes in the 
intraocular pressure, and at the same time 
the registration of changes in the general 
blood sensitivity 


greatly exceeding those obtained in previ- 


pressure, in ranges of 


ously reported work. 


MATERIALS AND METHODS 


Previous investigators found that the cat 
was best suited for the differentiation of the 
actions of adrenaline and noradrenaline. Our 
series of more than 80 experiments were 
therefore restricted to observations on cats. 
Mature young animals weighing from 2.4 to 
3.0 kg. were used. General anesthesia was 
induced by interperitoneal injection of chlor 
alose in doses of from 55 to 70 ng. per kg., 
and blood clotting was prevented by the 
intravenous administration of heparin so- 
dium (10 mg./kg.) prior to the insertion of 
the cannula. One femoral artery served for 
cannulation. 

The metal cannula was provided with a 
fine polyethylene tube long enough to record 
the blood pressure in the iliac artery or in 
the abdominal aorta. The femoral vein of 
the other side was cannulated in a similar 
way by means of a lumbar puncture needle 
with locking stilet; this was used for the in- 
travenous injection of the pharmacologic 
agent. 

For the transmission of pressure changes 
in the eve, a 30-gauge needle was introduced 
into the anterior chamber and attached by 
an adaptor and lead tubing to the microphone 
in the bridge circuit of the Sanborn electro 
rior to the 


needles into the anterior chamber, in one 


manometer. insertion of the 


series of experiments, the cervical sympa 
thetic nerve was prepared and placed on 
small electrodes for electrical stimulation. 
By means of the two-channel instrument 
of Sanborn and Company, which consists of 
two separate electromanometers with A.C. 
amplifiers and rectifiers and D.C, amplitiers, 
connected with a twin-viso recording unit, 
the simultaneous recording of two pressures 
in ranges of widely different magnitude 
A description of this 


in his report of a 


yuld be achiey ed. 


electromanometer was 
DuPont Guerry, III,” 
study carried out in this laboratory. 

With this apparatus the speed of writing 
could be varied and the sensitivity of trans 


presented by 
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mission modified in each channel separately 
so that pressures and pressure changes at 
different levels, as for example, variations in 
blood 


were directly comparable with respect to both 


pressure and intraocular’ pressure, 
time and extent. 

Records obtained by the use of a sensitive 
transducer showed in the tracing changes of 
1.0 mm. in height for a pressure change of 
0.1 mm. Hg. Moreover, it was possible to 
write simultaneously, in a high sensitivity 
range, the intraocular pressures of both eyes, 
and to record changes in the medium blood 
pressure by ink-writing with a bellow ma- 
nometer on an endless belt kymographion. 
The timer units of the twin-viso apparatus 
and the kymographion were then intercon- 
nected to allow comparison of the three 


records (fig. 1). 


The hydraulic system of the electroma- 


nometer, including needle, needle adaptor, 
and lead tubing, was filled with a solution of 
sodium chloride (0.9 percent) and _ tested 
rigidly for complete absence of air bubbles. 
When the pressure of both eyes was ex- 
amined, the needles were inserted symmetri- 
cally in the horizontal meridian in the frontal 
plane, so that the tip of each needle lay in 
the prepupillary area of the anterior chamber 
and were held in position by special cannula 
holders. A lead rod fixed between the can- 
nula holder and its clamp gave some flexi- 
bility to the latter and allowed final delicate 
adjustment in all positions. This step was 
preceded by accurate leveling of the pertinent 
parts of the manometer and the head of the 
animal. 

The levo-isomer of noradrenaline in the 
form of bitartrate monohydrate was used in 
a 0.1-percent solution from which higher 


gua 


Fig. 1 (von Sallmann, Meyers, and Pillat). Apparatus for simultaneous manometric recording of the 


pressure in both eves and in the ilia 


artery ot the cat, showing the needles in the anterior chamber of 


the animal connected to two electromanometers of Sanborn with rectifiers, A.C. and D.C. amplifiers, and 


with the twin-viso recording unit 


bellow niinometer n 


The blood pressure in the shown experiment is synchronized with an 
an endless belt kymographion. 


2) — 
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dilutions were made with a 0.9-percent so- 
dium-chloride solution. Ascorbic acid in an 
amount of 10 yg. per cc. of fluid was added 
for stabilization. Synthetic epinephrine bitar- 
trate powder served for the solutions of 
adrenaline. Quantities of from 0.1 to 0.4 yg. 
per kg. body weight were injected intrave- 
nously. In some experiments amounts up to 
1.6 ug. per kg. were used. 

After the induction of the hormonal agents 
through the cannula in the femoral artery, 
0.5 cc. of a 0.9-percent solution of sodium 
chloride was injected by the same route so 
that the entire amounts of the hormonal 
compounds would be sure to reach the gen- 
eral circulation. Injections of the sodium- 
chloride solution were also employed several 
times during the course of an experiment 
in order to observe the effect of the incor- 
porated volume of fluid on the pressures 
studied. A time interval of from three to 
four minutes was allowed to elapse between 
injections. 

In 10 experiments, the cannula in the fe- 
moral vein was connected with an infusion 
bottle for rigidly controlled drip infusion 
of noradrenaline and adrenaline. Solutions of 
50 wg. per 50 or 100 ce. of a 0.9-percent 
solution of sodium chloride or of Ringer 
solution were made up for this purpose. 
Amounts of from 10 to 15 ug. were infused 
within 10-minute periods. 

In 14 experiments the influence of an ad- 
renergic block on the biologic responses 
to noradrenaline and adrenaline was studied 
30 minutes after a slow intravenous inject- 
tion of dibenamine in an amount of 10 mg. 
per kg. body weight. For the electrical pre- 
ganglionic stimulation of the exposed cer- 
vical sympathetic nerve (23 experiments), 
the pulsating direct current of an Electro- 
dyne stimulator was employed for 15 seconds 
at an output potential of eight volts and a 
frequency of 10 impulses per second. 

In order to study the effect of noradren- 
aline and adrenaline on the intraocular pres- 
sure of eyes sensitized by denervation, the 


MEYERS, AND B. PILLAT 


superior cervical sympathetic ganglion was 
removed from 15 cats 12 to 90 days prior 
to the manometric measurements. 


RESULTS 

The characteristics of manometrically re- 
corded physiologic variations in eye pres- 
sure in the form of respiration and pulse 
waves, which were first clearly demonstrated 
by Wessely™* to be dependent upon corre- 
sponding rhythmic changes in the blood pres- 
sure, were well illustrated by the high-speed 
writing of the Sanborn twin-viso recording 
unit. Figure 2 shows these apparently simulta- 
neous changes in blood and eye pressure at 


both the low speed of 30 mm. per minute 
and the high speed of 300 mm. per minute. 
In,experiments performed at high speed, 


which will be reported in the next paragraph, 
a minimal lag of about one-tenth of a second 
was observed between the onset of changes 
in the blood pressure and the onset of 
changes in the eye pressure. In the great ma- 
jority of experiments in which manometric 
readings were obtained from both eyes, the 
two curves paralleled each other closely. 


EFFECT OF INTRAVENOUS INJECTION OF 


NORADRENALINE AND ADRENALINE 

Intravenous injections of noradrenaline in 
doses of from 0.1 to 1.6 pg. per kg. body 
weight were followed by a simple transient 
increase of blood and eye pressures. The 
same quantities of adrenaline gave rise to a 
biphasic response with the vasodepressor 
effect usually exceeding by far the pressor 
effect. The curves representing the incre- 
ments and decrements in blood and eye pres- 
sures resembled each other closely. 

In general, a change of 10 mm. Hg in the 
blood pressure corresponded to a change in 
the eye pressure of about 1.0 mm. Hg. Occa- 
sionally the elevation or drop in the ocular- 
tension, expressed in percents of the base 
pressure, were estimated to be greater than 
those of the blood pressure. The increments 
usually followed a linear scale when the 
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my 


Fig. 2 (von Sallmann, Meyers, and Pillat). Respiratory and pulse waves in the blood-pressure 


eye-pressure tracings written at low and high speed. 


In Figures 2 to 5, six squares correspond to 


seconds at low-speed writing; six squares equal six seconds at high-speed recording. 


doses of the injected compounds were in- 
creased according to an arithmetic scale. 
(fig. 3). 

The changes in both pressures produced 
by small quantities of noradrenaline and 
adrenaline varied considerably in extent and 
duration according to the sensitivity of the 
experimental animal. In young cats, typical 
responses of 2.0 or 3.0 mm. Hg in the ocular 
tension were observed often as a result of 
the intravenous use of as little adrenaline or 
noradrenaline as 0.1 ug. kg. body 
weight (fig. 4). 

In other and particularly in older animals, 


per 


double this amount, or even more, was neces 
sary to produce similar effects. In sensitive 
preparations, increases or decreases in pres 
sure up to 5.0 mm. Hg were observed on 
the eye. The effect of the small quantities of 
both agents lasted about one minute but was 
prolonged when amounts of more than 0.4 
ug. per kg. were used. 

With the doses of adrenaline and nor- 
adrenaline administered in this experimental 
series, the widths of the lid fissure, the posi- 
tion of the nictitating membrane, and the 
size of the pupil remained unaltered. 

Slowly injected dibenamine (10 mg. per 


kg.) abolished the pressor effect of both 
compounds on the blood and eye pressures 
but did not influence the vasodepressor effect 
of the adrenaline. 


EFFECT OF DRIP INFUSION OF NORADRENAL- 
INE AND ADRENALINE 


with solutions of 


adrenaline (50 yg. per 50 or 100 ce. in a 0.9- 


Drip infusion nor- 


percent solution of sodium chloride) was 
adjusted in a manner to secure a rise of 
blood pressure on a relatively constant level 
for a period of 10 minutes. 

Reflex bradycardia with an increase in 
pulse amplitude was observed during this 
time. The record of the intraocular pressure 
showed a _ corresponding elevation with 
pulse waves of greater altitude at a slightly 
reduced rate per minute. At the termination 
of the infusion a decline of the eye pressure 
to the original range paralleled a_ similar 
change in the blood pressure. 

When adrenalin was infused by slow drip 
(three experiments ), a fall in the intraocular 
pressure coincided with a fall in the general 
blood pressure. During the administration 
of adrenalin, increments in the pulse ampli- 
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O2Ag/Kg. A 


Fie. 3 (von Sallmann, Mevers, and Pillat). Respot 
increasing quantities 


tude without diminution of the pulse rate 
could be observed in both records. 


EFFECT OF PRI GANGLIONIC ELECTRIC STIMU- 


LATION OF THE CERVICAL SYMPATHETIC 


CHAIN 


Preganglionic electric stimulation of the 
‘ntact cervical sympathetic chain of one side 
for 15 seconds evoked a slight increase in 
the blood pressure. Sympathetic section or 
crushing of the nerve did not abolish this 
effect completely. 

The 


operated side scarcely 


the 
responded to this 


intraocular pressure on non- 


O.4ag/Kg A 


0.449 /Kg N 


ses of the blood pressure and intraocular pressure to 


of noradrenaline and adrenaline. 


On the 
stimulation of 


moderate change in blood pressure. 
homolateral eye the effect of 
the cervical sympathetic chain was indicated 


by widening of the lid fissure, retraction of 


the nictitating membrane, and marked or 
maximal dilatation of the pupil. 

At the onset of stimulation the intraocu 
lar pressure sometimes rose briefly, slightly, 
and precipitously, but in 21 of the 23 experi 
ments the main response consisted in a fall 
in pressure of about 5.0 mm. Hg. This 
characteristic response lasted about one min 
ute and its curve resembled the curve of the 


response produced by 0.1 to 0.2 wg. of 


| 
mm Hg 
— 20 
— 200 
Blood 
me / ma 
- mm 
— 180 
Biood 
— 50 
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Fig. 4 (von Sallmann, Meyers, and Pillat). Responses of blood pressure and intraocular pressure to nor 
adrenaline and adrenaline in a dose of 0.1 wg. per kg. at a high sensitivity range 


adrenaline, as illustrated in Figure 5. onds ; this was succeeded in both instances by 
In two animals only, did electric pre- a minimal decline of the tracing below the 

ganglionic stimulation result in a rise in eye — base pressure (fig. 6). 

pressure of about 5.0 mm. Hg for 30 sec Cutting or crushing of the nerve cen 


Stim. 8V “Kg.A 


Fig. 5 (von Sallmann, Meyers, and Pillat). Responses of the intraocular pressure to electric stimulation 
of the left cervical sympathetic chain and to adrenaline, O.1 wg. per kg. body weight. 
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Fig. 6 (von Sallmann, Mevers, and Pillat). Ex- 
ceptional increase of the intraocular pressure to 
electric stimulation of the left cerv-cal sympathetic 
chain. 


trally from the site of the electrode modified 
neither the reading of the resting intraocular 
pressure nor the reactions to stimulation of 
the preganglionic fibers. 


EFFECTS OF DENERVATION 
ONE SUPERIOR CERVICAL 
GANGLION 


BY REMOVAL OF 
SYM PATHETIC 


The extirpation of the superior cervical 
ganglion produced certain known signs of 
sensitization to the hormonal agents when 
about two weeks or more had elapsed after 
the ganglionectomy. In response to small 
amounts (0.1 to 0.2 yg.) of intravenously in- 
jected noradrenaline, the pupil of the de- 
nervated eve dilated to a marked degree ; on 
the nonoperated side no change in the size 
of the pupil was to be seen. 

When compared with the widening of the 
pupil following the injection of noradrenal- 
ine, the sensitization of this function of 
the iris to adrenaline was definitely more 
marked, the dilatation of the pupil approach- 
ing in this case an almost maximal response. 

With respect to the manometrically re- 
corded intraocular pressure, no signs of 
sensitization to noradrenaline or adrenaline 
could be established in the majority of the 
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experiments. Occasionally the fall of the 
intraocular pressure caused by adrenaline in 
these quantities appeared to be accelerated 
but less extensive. In only three of 10 experi- 
ments did the record suggest a moderate 
sensitization of this function of the eye to 
noradrenaline and adrenaline on the denerv 
ated side. 
DIscussION 

Manometric measurements of the intra- 
ocular pressure in a high sensitivity range 
made it possible to record, in cats, responses 
to amounts of noradrenaline and adrenaline 
that were several times smaller than those 
necessary to elicit reactions to these com- 
pounds in the nictitating membrane and 
pupil. The advantage of the described tech 
niques in providing a means of recording an 
important biologic response in the eye much 
more sensitively than other methods of 
manometry permit was coupled with the 
advantage of subjecting the eye to relatively 
slight trauma and of avoiding with other 
objectionable features inherent in the older 
techniques. 

As shown by Wessely, Adler, and co 
workers,"**""" and others many years ago, 
changes in intraocular pressure appear to be 
a function of changes in blood pressure 
under the conditions of experiments of this 
kind. 

In the present study it was possible to 
show that a brief lag of about one-tenth of a 
second occurred between the onset of+ re 
sponses in the blood pressure and the onset 
of responses in the eye pressure, and that 
not infrequently increases and decreases in 


the eye pressure were relatively greater than 
those in the blood pressure when the values 
were expressed in percents of the base 


pressure, 
The close dependency of variations in the 
eyes upon variations in the general circula- 
tion exclude the possibility that any extra- 
ocular factors as, for example, the activity 
of the smooth muscles of the orbit, play a 
part in the mechanism of these changes. 
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There is every indication that the phenome- 
non is purely vascular in nature. 

With regard to the responses of the intra- 
ocular pressure to noradrenaline and adren- 
aline, it should be admitted that the mecha- 
nism of this reaction is not clear. Pressor 
effects caused by vasoconstriction would be 
expected to lead to a fall in the intraocular 
pressure, and vasodilatation accompanying 
vasodepressor effects would be expected to 
cause an increase in the plethysmographic 
pressure of the eye. 

Since the opposite reactions took place, it 
could be assumed that the intraocular arteries 
do not contract sufficiently to prevent a dila- 
tation of the capillary bed as a result of in- 
creased blood pressure, and that the fall of 
the blood pressure the 
effect of local vasodilatation. It could also be 
assumed that the action of the adrenergic 
agent extends to the intraocular veins. 

It should be stressed that the quantities of 
noradrenaline and adrenaline which lead to 
characteristic the 
pressure can be considered as falling within 


overcompensates 


changes in intraocular 


a physiologic range. P. Trendelenburg’® esti- 
mated that the suprarenal gland of the cat in 
general anesthesia secretes 0.2 pg. of adren 
aline per kg. and minute. It was shown in this 
study that half this amount injected intra- 
venously produced in the same experimental 
animal a vasodepressor effect accompanied 
by a marked fall in eve pressure. 

There have been no previous reports on 
the effect of noradrenaline on the intraocular 
pressure. The experimental 
Wessely,** Duke-Elder,’® and others, per- 
taining to the effect of systemically intro- 


results of 


duced adrenaline, cannot be compared with 
the present work in view of the great differ- 
ence in dosage and the probability that mix- 
tures of adrenaline and noradrenaline were 
injected by these investigators. 

In contrast to the action of small doses of 
adrenalin, which have been shown in this 
study to produce a decrease in intraocular 
pressure, noradrenalin produces a rise in 
intraocular pressure when it is administered 


in small quantities by the intravenous route. 

These observations on the effect of mini- 
mal amounts of adrenergic mediators on the 
eye may add to the understanding of neuro- 
mechanisms which 
under 


controls of 


the 


humoral 


govern intraocular pressure 


physiologic and pathologic conditions. 
The experiments in which the compounds 


were administered by slow intravenous in- 
fusion were performed for the purpose of 
studying the adaptation of the two pressures 
to the continuously supplied adrenergic 
agent. The results indicated that within 10- 
minute periods autoregulatory mechanisms 
in the eye did not bring about adjustment 
of the intraocular pressure to the abnormal 
conditions independent of the status of the 
general blood pressure. 

It has been shown that the noradrenaline- 
adrenaline ratio varies with the animal spe- 
cies. Burn and Hutcheon,*? and von Euler,’ 
arrived at the conclusion that noradrenaline 
was the predominant chemical transmitter in 
the sympathetic nervous system of the cat, 
whereas Gaddum and Kwiatkowski’* identi- 
fied adrenaline as the transmitting agent in 
the ear of the rabbit. 

Electrical stimulation of the sympathetic 
cervical chain in the present series produced 
a lowering of the intraocular pressure at the 
homolateral side. The similarity of the trac- 
ing in response to this stimulation and to the 
injection of 0.1 ug. of adrenaline may sug- 
gest that adrenaline should be considered as 
the neurohumoral under the 
conditions of this experiment. There is a 


transmitter 


distinct possibility, however, that a vasocon- 
strictor effect on the intraocular vessels upon 
stimulation of the nerve produced the change 
in pressure, Other experimental approaches 
which are now under study will be necessary, 
therefore, to clarify this point. 

Fall in intraocular pressure following elec- 
trical stimulation of the cervical sympathetic 
chain has been described by previous work- 
ers, and most recently, in rabbits, by H. 
Davson.'® Observations to the contrary 
(Jaffe?®) cannot be properly evaluated be- 
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cause tonometry was used for the determina- 
tion of the intraocular pressure. In our series 
the shape of the curve with exceptional rises 
indicated that they were caused by contrac- 
tion of the smooth orbital muscles. 

The phenomenon of sensitization of the 
viscus by denervation was observed in our 
experiments on the cat in the reaction of 
the pupil to small amounts of noradrenaline 
and adrenaline. Burn and Hutcheon" found 
the to 
than to adrenaline but, under the conditions 


sensitization greater noradrenaline 
of the experiments reported here, there was 
greater sensitization to adrenaline. 

At present it remains unexplained why 
the vascular mechanism leading to changes 
in the intraocular pressure was only excep- 
tionally sensitized by the preceding removal 
of the 
denervation of other vascular beds has been 


superior cervical ganglion since 
shown to result in sensitization to the action 


of various pharmacologic agents. 


SUMMARY AND CONCLUSIONS 


1. A manometric method of high sensi- 
tivity for the immediate comparative de 
termination of blood pressure and intraocular 
pressure of both eves has been elaborated. 
the 


equipment and a bellow manometer were 


For this purpose Sanborn twin-viso 
synchronized, 

2. The observations of previous investiga- 
tors on the close dependency of amplitude 
and frequency in the rhythmic variations of 
the eye pressure upon such variations in the 
blood pressure have been confirmed. A very 
short lag between the onset of the changes in 
the blood pressure and in the eye pressure 
could be measured at high-speed writing. 
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3. Ina study of the effect of small amounts 
of noradrenaline and adrenaline (from 0.1 to 
1.6 wg. per kg. body weight) on the blood 
pressure and eye pressure of the cat, the 
pure pressor effect of noradrenaline in the 
general circulation was expressed in the 
tracing of the intraocular pressure by a 
simple rise. The biphasic response of the 
blood pressure to adrenaline was reflected 
photographically in the intraocular pressure ; 
the fall in the pressures was the predominant 
feature. 

4. Drip infusion of noradrenaline and 
adrenaline induced synchronous changes in 
the records of the blood and eve pressures. 

5. Electrical 


sympathetic chain usually caused a marked 


stimulation of the cervical 


fall in intraocular pressure. The resemblance 
of the decline in the tracing of the eye pres- 
sure record to the record produced by the 
injection of O.1 to 0.2 ag. of adrenaline con- 
veyed the impression that adrenaline is the 
chemical mediator liberated to the effector 
tissue during the stimulation of the supply- 
ing nerve, but further experimental evidence 
is necessary before definite conclusions can 
be drawn. 

6. Unilateral denervation obtained by the 
removal of the superior sympathetic ganglion 
sensitized the dilatator of the iris, especially 
to adrenaline, but, as a rule, the vascular re- 
sponses which govern changes in intraocular 


pressure by the action of noradrenaline and 


adrenaline were unaffected. 
635 West 165th Street (32). 
We are greatly indebted to Dr. Marcel Golden 
here for excellent suggestions and constructive 
criticism, and wish to thank Miss Margaret 
Powers for her capable assistance in a great part of 
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the experimental work 
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DISCUSSION 


judge, Dr. 
intraocular 
pressure which you note are a mirror ot the 
and that vou don’t mean to 


Dre. Daviw G. CoGan (Boston): | 
von Sallmann, that the changes in the 
vascu 
lar effects im the eye, 
imply that these measurements indicate any change 
in the secretory activity or the secretory control of 
intraocular pressure. Is that correct ? 


Dr. voN SALLMANN: We have no indication that 
the effects of the small quantities of the compounds 
used in these acute experiments have any effect on 
the secretory mechanism. 

Dr. CoGaAn: Would you say these are volume 
changes within the eye that you are recording? 


Dr. von SALLMANN: Dr. Cogan, you put your 


finger on a sore spot. It is not at all easy to ex- 


plain these pressure changes since one could argue 
that vasoconstrictor effects induced by noradrenalin 
would lead rather to a fall of the intraocular pres- 
In view of the plethysmo- 
intraocular pressure, there 


sure instead of to a rise 
graphic nature of the 
would seem to be only two possible explanations : 
(1) That the intraocular arterioles do not 
tract sufficiently to protect the capillary bed from 
dilatation, or (2) that adrenergic 
also on the venous part of the 
been assumed to do on 


con- 
passive these 
transmitters act 
circulation as they have 
the vasculature of the kidney. 


Dr. Frank W. Newett (Chicago): I should 
like to learn if these changes in intraocular pressure 
take place when increase in the systemic blood pres- 
sure is prevented. If so, we could attribute these 
changes in intraocular pressure to be a reflection of 
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the general vascular pressure. It has been our ex- 
perience that intraocular pressure increases when 
the systemic blood pressure is increased by ligating 
the aorta and that the intraocular pressure very 
sensitively shows the general systemic blood pres- 
sure. 

By preventing an increase in the intra-arterial 
pressure, one may also prevent an increase in the 
intraocular pressure. We have been preventing the 
increase in intra-arterial pressure by passing a large 
catheter into one of the major arteries and having 
the blood rise in a column. Under these conditions 
we have found, although presumably vasoconstric- 
tion and vasodilatation occur within the eye, that 
there is no significant increase in intraocular pres- 
sure when the systemic blood pressure does not 
vary. 

The question thus arises with the injection of 
if the imcrease in blood pressure is 
intraocular 


noradrenalin, 
prevented, is there a change in the 
pressure? 


von SALLMANN: Under the experimental 
conditions, no changes in the intraocular pressure 
eccurred without corresponding in the 
general blood pressure. If a blocking agent such as 
dibenamine was used, pressor responses were abol- 
and inhibitory responses preserved in both 
pressures. We did not have such clear-cut results 
with ligation of the carotid artery as you appar- 
ently have had. It doesn’t seem to be easy to arrive 
at conclusions on the basis of experimental pro- 
cedures which necessitate complicated manipulations 
in a small area. However, I would feel at present 
that the effect of noradrenalin and adrenalin on the 
eye reflects only changes in the general blood pres- 
sure. The percent increase in the base pressure is 
sometimes greater in the eye than it is in the general 


Dr 


changes 


ished 


circulation. 


Dra. Newet: I think that we are in full agree- 
ment that the changes in the intraocular pressure 
parallel the changes in the systemic blood pressure. 

We did not ligate the carotid. That causes too 
changes in the blood pressure in the head. 
But we did ligate the abdominal aorta to cause 
increase in blood pressure. The pressure within the 
very sensitively followed the change in pres- 


many 


eye 
sure in the arterial system. 

The problem arises then, I think, as to what 
compensatory mechanism there is within the eye 
to prevent the development of glaucoma in patients 
with vascular hypertension. 


Dr. von SALLMANN: I mentioned that the slow- 
drip infusion was carried out for the purpose of 
studying the adaptability of the mechanisms gov- 
erning the eye pressure to abnormal conditions ; 
that is, to an increase, tor one reason oF another, of 
the pressure in the eye. When the experiment was 
continued for 10 minutes only, the eye pressure did 
not seem to adapt itself more quickly to the abnor- 
mal conditions than the blood pressure. However, 
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observations on a preparation over a 10-minute 
period cannot be expected to explain the relative 
independence of the intraocular pressure and the 
general blood presSure as it is observed in pa- 
tients with general hypertension. 


Dr. M. A. Last: May I ask whether you used 
noradrenalin and adrenalin locally to get an effect 
on the ocular tension ? 

Secondly, did you note 
the time you used the injections ? 


any pupillary changes at 


Dr. von SALLMANN: In the present studies we 
did not use noradrenalin and adrenalin locally, but 
previous investigators (Gaddum, von Euler, and 
others) have found noradrenalin much less effec- 
tive than adrenalin in dilating the cat’s pupil. 

With respect to the second question, the quanti- 
ties we used, that is, between 0.1 microgram and 
1.6 microgram per kg. body weight, did not produce 
on the nictitating membrane, 
or on the pupil so long 
If the eyes were 


any noticeable effect 
on the position of the eye, 
as we dealt with normal animals. 
ganglionectomy, sensitization to both 
Dilatation of the pupil was 
In contrast to 


sensitized by 
drugs was observed. 
obtained with 0.1 or 0.2 microgram 
the findings of other investigators, the sensitization 
was greater to adrenalin than to noradrenalin. 


Dr. K. W. Ascuer: I wonder whether it would 
be possible to take records of the systemic venous 
pressure during these experiments. This might be 
indicated because of the assumption of Colomba, 
some 22 years ago, that increased systemic venous 
pressure might be responsible for the increase of 
intraocular pressure. 

It might also explain in a certain way the ob 
servations reported by Thomassen during the last 
five years, who, upon studying the aqueous veins of 
glaucomatous eyes, found very striking differences 
in filling of the recipient vessels during the pe- 
riod preceding the increase of intraocular pressure, 
as compared to during the phase preceding a de- 
crease of intraocular pressure 

My question would be whether in these experi 
mental animals systemic venous pressure could be 
taken. It might be very difficult, under these circum- 
stances, to measure the pressure inside the aqueous 
veins, but it might be different before and after 
administration of one or the other drug. At least 
the systemic venous pressure could be measured 


Dr. voN SALLMANN: I quite agree with Dr. 
Ascher that it would be very difficult to measure 
the pressure in the aqueous veins with the set-up 
we have; but even the measurements of the venous 
pressure in smaller branches would not be easy. 
Although I do not know whether measurements o! 
the changes of the pressure in the larger veins 
would really contribute to the solution of the 
problem, it might be possible to carry out such 
experiments and we shall certainly make an attempt 
to do so. 


EXPERIMENTALLY INDUCED TOXIC EFFECTS ON STRUCTURE AND 
FUNCTION OF VISUAL CELLS AND PIGMENT EPITHELIUM* 
WERNER K. Noetr, M.D. 

Randolph Field, Texas 


This is a short report on the retinal effects 
of two agents in respect to their bearing on 
problems of retinal pathology. The agents 
are sodium iodoacetate and sodium iodate. 


They were employed to analyze the metabolic 


dependence and electrical manifestation of 
visual cell function. 

The study originates from the discovery 
that sodium iodoacetate, when administered 
intravenously in experimental animals, 
abolishes almost immediately the function of 
the visual cells.'"* Depending on the dosage, 
this effect is either reversible or associated 
with permanent damage of visual cell struc- 
ture. 

The histologic effect of this agent, which 
has been described and discussed elsewhere,? 
appears to simulate the degeneration of 
visual cells and pigment epithelium as mani- 
fested in retinitis pigmentosa. To stress the 
similarities between the effects of the enzyme 
poison and the heredodegenerative disease is 
the purpose of this presentation. 

The experiments with iodoacetate adminis- 
tration were performed on albino rabbits, 
cats, and rhesus monkeys. The effects of 
iodate were studied only in albino rabbits. 
With the least systemic toxicity the following 
doses produced widespread effects on the 
retina : 

Rabbit—two 20 mg./kg. 
bodyweight of iodoacetate; cat—two injec- 
tions of 10 to 12 mg./kg. bodyweight of 


injections of 


iodoacetate ; monkey—two injections of 30 
to 35 mg./kg. bodyweight of iodoacetate ; 
rabbit—one injection of 4.0 to 6.0 cc. of 
a two-percent iodate solution. All solutions 
were adjusted to the pH of the blood. 

After a variable length of time ranging 
from 12 hours to six months the responsive- 

*From the U.S. Air Force School of Aviation 
Medicine 


ness of the eyes to illumination was tested by 
recording the electroretinogram. At the same 
time, the steady-potential across the globe 
was measured and often, as well, its reaction 
to sodium azide.* 

In many experiments the exposed retina 
was also explored by microelectrodes. In 
rabbits, furthermore, the excitability of the 
optic nerve to electrical stimulation was 
tested by applying electrical stimuli to the 
optic nerve just behind the globe and record- 
ing the response potential from the visual 
cortex. 

Subsequently one or both eyes were re- 
moved and immediately immersed in Zenker 
solution. Paraffin or celloidin sections were 
prepared and stained with hematoxylin- 
eosin, Heidenhain-phloxine and the Mallory 
trichrome stain; the latter two stains were 
not employed routinely. Further details as 
to the methods employed are given in pre- 
ceding publications.*:* 

In all three species, iodoacetate produced 
a widespread disappearance of the visual 
cells.2 The character and the distribution of 
this effect with regard to its application to 
human pathology is best exhibited by the 
changes of the monkey’s retina. Here, the 
effect of the agent clearly differentiated be- 
tween rod cells and cone cells. 

In accord with the findings on the visual 
cell population in rabbit and cat, almost all 
rod cells completely disappeared within two 
to four weeks after the injections. Partially 
degenerated or even preserved in their nor- 
mal form were only those located within a 
short distance from the ora serrata. In addi- 
tion, a few rod cells had variably survived 
at the edge of the optic disc. Otherwise no 
remnants of the rod cells were present with 
the exception of a few, widely scattered, 
pyknotic nuclei. 

The doses of iodoacetate which were able 
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to destroy almost the whole rod cell popula- 
tion were, however, less effective on the cone 
cells. In the three cases studied, the cone cells 


were invariably preserved at the macular 


region up to eight weeks after the injections. 


Parafoveally, however, they showed de- 


generative changes which increased in 


severity with the distance from the macula. 


At distances of three to five mm, from the 
fovea, the outer and inner limbs of the cones 
had completely disappeared, while the an- 
terior portions of the cone cells had survived. 
Cone cell degeneration exceeding this change 
was not observed in the cases studied. 

Thus, over the greater part of the retina 
the cone cell remnants (nuclei and peri 
karyon) formed a single row of “epithelial” 
cells located inside the external limiting mem 
brane. Except for the foveal and parafoveal 
region the cone cells were likewise preserved 


or less damaged than the majority of thetr 


population in the same areas where the rod 
cells showed a greater resistance against the 
effects of the agent. They were invariably 
better preserved in these areas than the rod 
cells. 

Essentially the same spatial distribution in 
the susceptibility of rod and cone cells and 
the cell 
cone cell population which the effect of 


same difference between rod and 
iodoacetate produced in the monkey, is well 
known to be present in retinitis pigmentosa, 
as evidenced by the clinical progress of the 
disease and by the few cases in which the 
retinas were examined histologically. 

In Figure 1, the macular region of two 
monkeys treated by iodoacetate is compared 
with a case of retinitis pigmentosa which 
Leber® illustrated in Figure 179 of his re- 
view. 

Leber’s illustration, which ts reproduced at 
the top of Figure 1, shows a section through 


Fig. 1 (Noell). Macular region in 
retinitis pigmentosa as compared 
with the effects of iodo j 
rhesus. (Top) Leber’s Figure 179 
from a case of retinitis pigmentosa 
(Middle) Rhesus m« 
after intravenous tode 
hematoxvlin-eosin, 
monkey eig 
intravenous iodoaceta 
hematoxyvlin-eosin, 


icetate in 


nkey six weeks 
icetate adn 
istration, 
(Bottom) 
days after 
administration, 


Rhesus 


— 
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the retina slightly outside the foveal region. 
It demonstrates a continuous decline in the 
width of the outer nuclei layer associated 
with a progressive reduction in the length 
of the cone segments with increasing distance 
from the fovea. 

The same is evident in the monkey's retina 
after treatment by iodoacetate. The sections 
are cut through the center of the monkey's 
macula which is less deeply excavated than 
in humans.® The monkey, from which the 
section in the middle of Figure 1 was ob- 
tained, had received two intravenous injec- 
tions (hind leg) of iodoacetate of 40 and 
30 mg. per kg. bodyweight, respectively, with 
an interval of 24 hours between the injec- 
tions. Both doses were administered under 
Dial anesthesia. The animal was in perfect 
health thereafter. The eye was removed six 
weeks after the last injection. 

In the other monkey (lower part of Figure 
1), a total of 90 mg./kg. bodyweight of 
had 


venously in three injections during a period 


iodoacetate been administered intra- 
of 24 hours without the use of an anesthetic. 
As a result of another injection eight days 
after the preceding ones, the monkey sud- 
denly died (eight hours after the injection ) 
due to acute cardiac arrest. The eyes were 
removed within five minutes after death and 
immediately fixed in Zenker solution. 

The the 
region, as illustrated in Figure 1, was also 


same appearance of macular 
exhibited in our third monkey after a total 
dose of 80 mg./kg. bodyweight and removal 
of the eye six and one-half weeks after the 
first injection. 

Examples for the appearance of the cone 
cells within the foveal and parafoveal region 
are illustrated in Figure 2. For comparison 
Leber’s Figure 180 is reproduced. Within the 
fovea, the cone cells are of normal form, as 
has been reported for all cases of retinitis 
pigmentosa which were examined at an early 
stage. 

Outside the fovea there is swelling of the 
inner segments of such degree that the cones 
seem to take the whole space W hich had been 


occupied by the rods previous to the ad- 
ministration of iodoacetate. There is a pro- 
gressive reduction in the height of the inner 
segments until finally (fig. 3) at distances of 
about five mm. from the fovea all sensory 
organelles have disappeared. 

The cone cells then form an almost con 
the 


membrane, occasionally some cells showing 


tinuous row inside external limiting 
short projections through the membrane, as 
Leber® and Verhoeff'® described for cases 
of retinitis pigmentosa, 

Retinal areas in cases of retinitis pig 
mentosa, in which the process has not re- 
sulted in the c¢ mmplete destruction of the cone 
cells, are described to show minimal changes 
in the pigment epithelium. In Verhoeff’s case, 
the pigment epithelium was always present 
behind areas in which there were remains of 
cones. Only in the case of Ascher"! were the 
pigment cells destroyed in the foveal region 
though the neuro-epithelium had been pre- 
served. 

In the five cases studied by Cogan" there 
was some degeneration and some attenuation 
of the cells but the epithelium was always 
present as a monocellular membrane with 
no real hyperplasia or distintegration, de- 
spite extensive disappearance of the visual 
cells, 

In the monkeys treated by iodoacetate, 
where the process invariably spared those 
portions of the cone cells located inside the 
outer limiting membrane, the pigment epi- 
thelium was preserved throughout. It formed 
a continuous row of one layer which, if at 
all, differed from the normal controls by a 
slightly reduced content of pigment in the 
midperipheral portions of the retina. 

The pigment epithelium was also preserved 
in rabbits when relatively low doses of iodo 
acetate had been employed which sufficed to 
destroy all visual cells except those located at 
the anterior border of the retina and those 


close to the optic nerve Similarly, in cats 


where iodoacetate likewise tended to affect all 
visual cells, the complete disappearance of 
the visual cells over wide areas was not 


|| 
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Fig. 2 (Noell) 
the rhesus, 


middle of Figure 1; from left to right increasing 


obligatorily associated with changes of the 
pigment epithelium other than a slight re- 
duction in the amount of the pigment en- 
closed. 

Eyes of the same 
times after the injections, revealed that, even 


cats, removed at various 


four months after almost complete disap- 
pearance of the visual cells, the pigment 
epithelium had preserved its normal appear- 
ance if it had done so during the first weeks 
after iodoacetate administration. 

These findings do not support Leber’s® and 
Elwyn’s™ assumption that the degenerative 
and proliferative changes of the pigment 
epithelium with migration of the pigment 


Macular region in retinitis pigmentosa as compared with the effects of iodoacetate on 
(Top) Leber’s Figure 180 of a case of retinitis pigmentosa. (Bottom) Same rhesus retina as 
distance from center of fovea. 


Hematoxylin-eosin, «600 


cells into the retina are a result of the de- 
generation of the neuro-epithelium. If this 


were the case, the complete destruction of 
the visual cells over wide areas of the rabbit's 
and the cat’s retina (in these animals both 
cone cells and rod cells disappeared) should 
have been associated with changes of the pig- 
ment epithelium. 

Preservation of the pigment epithelium 
was invariably associated with an intact outer 
limiting membrane which was in direct, loose 
Also glia 
reactions were missing in such cases and all 
inner layers and the framework of the retina 
had maintained normal appearance. 


contact with the pigment cells. 
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Amazingly, the degeneration of the visual 
cells had no effect on the retina as a whole.” 
We, therefore, must conclude that the retinal 
gliosis is probably not caused by the stimu- 
latory action of the process of visual cell 
degeneration nor does it seem justified to 
assume that gliosis occurs in order to fill 
the spaces left by the disappearing visual 
cells. The intraocular pressure must suffice 
to prevent the development of any unor- 
ganized regions within the retina if such 
regions follow the contours of the retina. 

Changes of the pigment epithelium and 
reactions of the ghal elements were, how- 
ever, observed in rabbit and cat when the 
dosage of iodoacetate was higher than neces- 
sary for the widespread destruction of the 
visual cells.* 

These changes appear to be essentially the 
same as has been described for retinitis pig- 
mentosa. In both albino rabbit and cat, there 
was complete disappearance of the epi- 
thelium in certain places, in other places it 
was either preserved in normal form or 
exhibited various degenerative or prolifera- 
tive changes. Circumscript (fig. 4-a) or over 
wide areas (4-b) it appeared in two or more 
layers; in other places the pigment cells 
had multiplied without breaking their row. 
Many cells contained two nuclei (fig. 4-c) ; 


Fig. 3 (Noell). Rhesus monkey 
six weeks after iodoacetate admin- 
istration; same retina as in Figure 
2. (Top) From midperipheral re- 
gion. (Bottom) Short distance from 
ora serrata. Hematoxylin-eosin, 


«600, 


others were pyknotic. In the cat, additional 
changes in the amount of the pigment pres- 
ent were apparent. 

Large areas of the pigment epithelium 
were almost free from pigment contrary to 
normal behavior while the cells themselves 
had apparently maintained normal mor- 
phology. Deposits of pigment within the 
retina were present in front of places where 
the pigment epithelium had either disap- 
peared or proliferated and where it normally 
contained pigment. At regions where the 
cells had free of pigment with 
maintenance of their form and with no sign 
of proliferation the overlying retina did not 
show any pigment accumulation. 

The distribution of degeneration of the 
pigment epithelium was a very characteristic 
one, again reminiscent of retinitis pigmen- 
tosa. In any given eye the most severely af- 
fected area was located in the peripheral 
portion of the retina either halfway between 
the ora serrata and the optic nerve or closer 
to the ora serrata and occasionally only 
slightly posterior to the anterior retinal strip 
where the visual cells showed greatest re- 
sistance against the agent. 

In these peripheral areas the change in 
the pigment epithelium could occur in an 
isolated form, all other portions of the epi- 


become 
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thelium showing normal morphology. Like- 


wise, the deposition of pigment within the 
retina was almost restricted to these regions. 

Since it is very improbable that the de- 
generative and proliferative change of the 
pigment epithelium occur in response to the 
disappearance of the visual cells, it must be 
assumed that iodoacetate affects directly the 
pigment cells. The resistance of the pigment 
cell to the agent must then be assumed to be 
greater than that of rod and cone cells. The 
same argument seems to hold for retinitis 
pigmentosa. 

If visual cell destruction is not necessarily 
associated with pigment cell changes, then 
the cause for these changes in the disease is 
most probably the same which leads to the 


Fig. 4 (Noell). Pigment epi 
thelium after iodoacetate. (Top) 
Cat, right eye, four months after 


22 mg./kg. bodyweight intravenous 


uxloacetate. Anterior third of ret 


yia Hematoxylin-eosin, < 480 
(Middle) Same cat as at top, left 
eye, six weeks after intravenous 
iodoacetate midperiphery. Hema 
toxylin-eosin, «920. (Bottom) Al 
bine rabbit, three weeks after 40 
mz./kg. bodyweight intravenous 


section through 


Heidenhain 


Ww loacetate, flat 
epithelium. 
920 


pigment 
phloxine, 


degeneration of the neuro-epithelium—a 
possibility which to our knowledge was first 
stated by Verhoeff."” 

The preservation of pigment cells in areas 
in which the cone cells or their remnants 
have survived should then be regarded either 
as accidental or due to a spatially similar 
distribution of the degree of abnormality of 
cone cells and pigment cells with the addi- 
tional assumption that in any given area the 
degree of cone cell impairment is greater 
than that of the corresponding pigment cells. 

Degeneration of the pigment epithelium 
in our experiments was almost invariably as- 
sociated with glia reaction and interruption 
or disappearance of the outer limiting mem- 
brane.” Since these changes in the framework 


he A 
a 
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of the retina were largely dependent on the 
state of the pigment epithelium, it seems 
likely that they are partially caused by the 
degeneration and proliferation of the pig- 
ment cells. The character of these reactions 
which has been described and illustrated in 
the original publication® is essentially the 
same as outlined by Leber® and Verhoeff.’° 

Structural changes of nervous elements of 
the inner layers were not observed in any 
experiment with monkey or cat, though the 
total width of the remaining retinal layers 
was slightly reduced as compared with the 
Never 
nuclear degeneration. 

In the rabbit, where the inner layers are 
of smaller width than in cat and monkey, 


controls. was there any sign of 


distortion of these lavers and atrophy of the 
nervous elements were occasionally en- 
countered several weeks after large portions 
of the pigment epithelium had vanished and 
the glia had markedly proliferated. 

Bipolar cells and ganglion cells, however, 
almost invariably were preserved even nine 
weeks after iodoacetate when the pigment 
epithelium had survived. Optic nerve excita- 
bility to direct electrical stimulation, when 
tested in rabbits at various times after the 
injections, was always maintained. 

This general preservation of the nervous 
elements of the retina despite the degenera- 
tion of the visual cells and pigment epi- 
thelium is regarded as evidence that iodo- 
acetate affects one particular cell process on 
which neuro- and pigment epithelium depend 
toa greater extent than the nervous elements. 
Again there is a general agreement with 
retinitis pigmentosa. 

In Verhoeft’s case, the nuclei of the in- 
ternal nuclear layer were well preserved, 
though the layer was greatly distorted by the 
large number of newly-formed Miller fibers. 
The ganglion cells were somewhat reduced 
in number outside the macular regions, but 
still abundant in spite of a duration of blind- 
ness for 20 vears. 

In Ascher’s case, the laver of the ganglion 
cells was more defective and the large cells 


were greatly reduced in number. Primary 
atrophy of the inner layers is assumed by 
Leber,? but he fails to discuss this point. 
Atrophy of the optic nerve likewise is stated 
by Leber but in Verhoeff’s, Stock’s, and 
Ginsberg’s cases, optic disc and nerve are 
reported to be normal. 

Marked reduction in the caliber of the 
a characteristic feature of 


retinal vessels 


retinitis pigmentosa—developed with great 
rapidity within the first two weeks after 
iodoacetate in all cats and in some of them 
all retinal vessels finally appeared to be 
bloodless. In monkeys, the reduction in the 
caliber of the vessels was slight or moderate. 
Choroidal changes were not apparent in cat 
and monkey; in the rabbit, which does not 
possess a retinal circulation, the choriocapil- 
laries seemed to be reduced in width. No in 
flammatory reactions were revealed in any 
case. 

An essential phenomenon of retinitis pig- 
mentosa is the extinction of the electroretino 
gram at an early stage of the disease as was 
first reported by Karpe.’* Complete disap- 
pearance of the after 
iodoacetate was observed in rabbit and cat 


electroretinogram 


when the visual cells had disappeared over 
the whole retina except for a small region 
close to Presence of the 
visual cells at the ora serrata for distances 


the ora serrata. 
exceeding five mm. was, however, associated 
with a small electrical response to strong 
illumination, 

The electroretinogram of a monkey six 
weeks after iodoacetate poisoning is illus- 
trated in Figure 5. It is markedly reduced as 
compared with the normal electroretinogram 
recorded with the same magnification and the 
same technique. Figure 1 (middle), Figure 2, 
and Figure 3 illustrate the histologic appear- 
ance of the same eye. 

At the time when the illustrated electro- 
retinogram was recorded, sensory organelles 
were preserved only in the macular region 
and close to the ora serrata for a distance 


up to six mm. In another monkey, a higher 


amplitude of the electroretinogram was as- 
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Fig. 5 (Noell). Electroretinogram in response to a short flash of light as indicated by bottom line. 
(Left) Normal monkey. (Right) Monkey six weeks after intravenous iodoacetate administration. Both 


monkeys are in dial anesthesia. Time in 100/sec. 


sociated with a better preservation of rod and 
cone cells in the extreme periphery. 

No important differences, therefore, seem 
to exist between structural and electrophysio- 


logic changes associated with retinitis pig- 
mentosa and the effect of iodoacetate. Cer- 
tainly the full production of the same changes 
as in retinitis pigmentosa was achieved in no 


species exposed to effects of iodoacetate. 
The absence of a cone population in rabbit 
and cat comparable to that of primates, 
makes it impossible to simulate convincingly 
retinitis pigmentosa in these species since the 
most significant property of the disease is 
the difference with 
are affected. Nevertheless, visual cell nuclei 
with a chromatine appearance typical for 
the cones of lower vertebrates appeared to 
resist the effects of iodoacetates in these 
species for a longer period of time than typi- 


which cones and rods 


cal rod cells.* 

On the other hand, iodoacetate had little 
direct and indirect effects upon the pigment 
epithelium of the monkey. 

The systemic toxicity of the poison for- 
bade the use of higher doses which, as indi- 
cated by the findings in rabbit and cat, would 
probably have resulted in more severe effects. 


As to changes in the pigment epithelium, my 
conclusions, therefore, have to rely on the 
findings with the two other species. 

In spite of these experimental difficulties, 
it seems to emerge very clearly that the order 
in which iodoacetate affects the various cellu- 
lar constituents of the retina is the same 
with which the disease progresses. More 
over, for any cell population of the retina 
be it the cones, the rods, or pigment cells 
the spatial distribution of susceptibility to 
1odoacetate is apparently the same as in the 
case of the disease. 

Thus, the metabolic property which is 
responsible for the selective effectiveness of 
iodoacetate must be distributed over the vari 
ous retinal population in the same manner 
as that property which determines degenera- 
tion due to a particular genetic abnormality. 
These two properties may not be related at 
all, but it seems to me that there is great 
chance that they are related or even that they 
are one and the same. 

On the latter assumption, the hypothesis is 
entertained that the metabolic process with 
which iodoacetate interferes is genetically 
controlled and that the genetic abnormality 
in retinitis pigmentosa impairs the mainte- 
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nance of this process as iodoacetate does by a 
probably different mechanism of action. 

The experimental evidence, discussed on 
various occasions,’~* points to the glycolytic 
process as the site of action of iodoacetate. 
()n the basis of the hypothesis advanced 
above, impairment of the same process is 
held responsible for the degeneration in 
retinitis pigmentosa. 

The selective effects of iodoacetate on the 
retina become particularly evident when 
compared with those of sodium iodate for 
which Sorsby™* has claimed a close relation- 


ship with retinitis pigmentosa. The effect of 


sodium iodate differs in many respects from 
the action of iodoacetate though both agents 
impair the same outermost layers of the 
retina, Both produce degeneration of the 
neuro-epithelium leading to disappearance of 


Fig. 6 (Noell). Retina of albin« 
rabbit two weeks after intravenous 
xa of a two 
1odate 


administration of 5.5 ec 
percent sodium 
Hematoxylin-eosin (top and middle, 
<9; bottom, ™ 330). 


solution of 


the rods and both induce changes of the pig- 
ment epithelium. 

lodate affects the rod cell population, how- 
ever, in a different manner than iodoacetate ; 
there is no sparing of the areas close to the 
ora serrata which on the contrary are often 
most severely affected. The effect of iodate 
on the pigment epithelium is furthermore of 
considerably greater magnitude than that of 
iodoacetate when compared on the basis of 
equal effectiveness on the neuroepithelium. 

In addition, iodate produces variably cir- 
cumscript infiltration of the choroid by round 
cells and occasionally collections of such cells 
are found in the space between the external 
limiting membrane and the chorioidea (figs. 
6-b and 6-c). 

lodate affected the pigment epithelium 
with greatest effectiveness. In the doses used, 


5 
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the pigment epithelium was altered every- 
where three weeks after the injections, 
though over the greater part of the retina the 
inner segments had not disappeared and de- 
generation had not occurred in the outer 
nuclear layer. 

In long stretches, the pigment epithelium 
was completely absent ; in other areas, a few 
pyknotic cells had remained in contact with 
Bruch’s membrane; and in still others, a 
broad band of homogenous substance which 
carried remnants of the pigment cells was 
Bruch’s membrane 


located in front of 


(fig. 7). 
The external limiting membrane was 


interrupted at spots and through such holes 
Miller cells and outer nuclei had moved and 
spread over the inner surface of Bruch’s 
membrane (fig. 7), which conditioned the 
bizarre distortion (arcade formation) of the 
retina (fig. 6-a). 

Disappearance of the outer nuclear layer 
was a rare event and when present it was 
restricted to small areas. In such areas the 
appearance of the retina was then about the 
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Fig. 7 (Noell). Retina of al- 
bino rabbits three weeks after 10 
date administration (same dose as 
in figure 6). (Top) Hematoxylin 
eosin, 300. (Bottom). Hematoxy 
lin-eosin, 620. 


same as after administration of iodoacetate 
(fig. 8). 

In their electrical properties, the eves of 
albino rabbits which had been affected by 
iodate differed distinetly from those affected 
by iodoacetate. In the case of iodoacetate, a 
cornea-positive “steady” potential across the 
globe 


weeks after the injections though no re- 


was generally maintained several 
sponses to illumination were evoked. 

After iodate, on the other hand, weak re- 
sponses to illumination were generally pres 
ent, while the steady potential across the 
globe was almost invariably of reversed 
polarity. The same appearance was evident 
when recordings were made during acute ex 
periments with injections of the drugs. 

With iodoacetate, responses to illumination 
disappeared within several minutes while the 
steady potentials either remained unchanged 
or even increased. Iodate, when administered 
in higher doses than necessary for the pro 
duction of permanent effects, only slightly 
changed the a- and b-wave of the electro 
retinogram in response to illumination within 


rt 
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the first hours after the injection; the steady 
potential of the however, declined 
rapidly after the administration of the 


eye, 


poison. 

These differences were analyzed by corre- 
lating the histologic appearance of the retinas 
with their electrical properties.‘ Using the 
sensitive reaction of the “steady” potentials 
to intravenous injection of small doses of 
azide, as an indicator, evidence was obtained 
that the “steady” potential of the eye depends 
on the integrity of the pigment epithelium. 

Electrochemical processes seem to occur 
at the boundaries between retina and choroid, 
which are associated with the active transfer 
of ions between the retina and the retro- 
retinal tissue. 

Very probably, therefore, the pigment epi- 
thelium and its associated structure, the glass 
membrane, serve an important function by 
participating in the maintenance of retinal 
homeostasis. Severe impairment of the pig- 
alone, for this 
for the 


ment epithelium should 


reason, be of retina 


proper. The changes in the framework of the 


consequence 


retina, as were observed both with iodoace- 
tate and iodate, seem to point this out. 


SUMMARY 
1. Selective effects of sodium iodoacetate 
administered intravenously on the retina of 
rhesus monkey, cat, and albino rabbit are 
compared with retinitis pigmentosa. In all 
essential features the effects of itodoacetate 


Fig. 8&8 (Noell). Retina, albino 
rabbit 25 days after iodate admin- 
istration (same dose as in Figures 
6 and 7). Heidenhain-phloxine, 


680. 


seemed to simulate the histologic changes 
described for retinitis pigmentosa. 

The order in which iodoacetate affects the 
cell population of the retina is the same with 
which the disease progresses. The spatial 
distribution of cone, rod, and pigment cell 
impairment likewise appears to be the same, 
and the character of the histologic changes 
is very similar under both conditions. 

It is concluded that the metabolic property 
which is responsible for the selective effec- 
tiveness of iodoacetate is distributed over 
retinal cell population is the same manner 
as that property which is affected by the 
genetic abnormality in cases of retinitis pig- 
mentosa. 

2. As indicated by the effects of iodoace 
tate, degeneration and proliferation of the 
pigment epithelium are not produced in re 
action to visual cell degeneration. A direct 
effect of iodoacetate on the pigment cells is 
assumed to account for their reactions and 
their degeneration. Similarly it is suggested 
that the cause for the changes of the pig- 
ment cells in retinitis pigmentosa is the same 
which leads to degeneration of the neuro- 


epithelium. 
’ 3. Gliosis and destruction of 


the outer 
limiting membrane is closely associated with 
the degeneration of the pigment epithelium. 
Only weak reactions of glia elements are ob- 
served experimentally when the visual cells 
alone degenerate. 

4. Sodium iodate intravenously adminis 


a 
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tered evokes retinal changes which differ 
from those of sodium iodoacetate, though 
both agents affect the outer layers of the 
retina. Degeneration of the pigment epi- 
thelium generally dominates the effect of 
iodate, which also leads to choroidal inflam- 
mation. 


5. Iodoacetate and iodate produce different 
effects upon electrical phenomena recorded 
across the eve which are related to their dif- 
ferent effectiveness upon the pigment epithe- 
lium. 


School of Aviation Medicine. 
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DISCUSSION 


Dr. Lupwic von SALLMANN (New York): I am 
much impressed by Dr. Noell’s studies on the effect 
of iodoacetate on the retina of various animals. He 
knows, probably better than I, that iodite 
intoxication was described by Riehm and Schimmel 


since 
about 25 years ago, several investigators, Sorsby 
among them, have claimed that the fundus changes 
produced by iodate, iodite, and hypo-iodite resemble 
the changes in retinitis pigmentosa. This opinion has 
not been accepted by other investigators, however, 
because of the differences in the clinical characteris- 
tics of the fundus changes in the two conditions. 
As shown by Kalt and others, intoxication with 
the iodate compounds, even in minimal doses, pro- 
duced acute destruction of the pigment epithelium 
and neuro-epithelium. The’marked scattering of the 
pigment epithelium leads to the fundus changes. 
With respect to iodoacetate, I feel that it also is 
an acute intoxication and I would doubt whether the 
changes observed shortly after an intravenous in- 
jection of this metabolic poison could be said to 


parallel the changes governing the pathogenesis of 
retinitis pigmentosa. 


Dr. Noeit.: With regard to the question whether 
the pigment epithelium or the visual cells are more 
susceptible to i date, it seems that both structures 
are directly affected, but the damage to the visual 
cells is probably enhanced by the degeneration of the 
pigment epithelium. 

As to the other question concerning the compari 
son of the effects of an acute poison with retinitis 
pigmentosa, as a physiologist I certainly doubted 
that such comparison would be acceptable to you. 
What I wanted to point out is the identity in the 
distribution and character of the histologic changes. 
The metabolic property which, on the 
determines the degenerative process in retinitis pig- 
mentosa and which, on the other hand, determines 
the effectiveness of iodoacetate on the retina must, 
therefore, be distributed in the same manner. These 


one side, 
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properties might be identical. That is the whole 
comparison I wanted to establish. 


Dr. ZAcHARIAS Discue (New York): I would 
like first to ask what was the dose of iodoacetate 
which you applied. 


per kg 


Dr. Noett: In the cat, about 10 mg 
1 for the 


For the rabbit, 18 to 20 mg. per kg., and 
monkey 30 or 35 mg. per kg. 

Dr. Discne: Those, of course, are large doses 
which in general would inhibit the whole metabo- 
lism of the cell, It is impossible to predict how 
much of it comes into the cells 

Also, I think there is one difficulty in your in 
terpretation, namely, that the jiodoacetate is an acute 
metabolic poison which stops the 1 etabolic process. 
It stops it irreversibly, and in a very short time It 
is difficult to see how chronic degeneration would 
result from such an effect. Furthermore, it is diffi 
cult to understand why the inhibitory process w« uld 
selective, because the nerve cells of the 
retina are also extremely sensitive to 1odoacetate. 

On the contrary, one thing that might explain 
the effect would be an action on the thiol groups 
of the visual purple, which play a very great role 
specific 


be so 


he iodoacetate 1s a 
and in that 
the ef- 


in the visual process. T 
inhibiting poison for the thiolic group, 
case selectivity could be expected because 


for the thiol group is 
ich with the 


fectiveness of iodoacetate 
something that may change very mt 
general state of the proteins of the cel 

I wonder whether the thiolic groups of the 
rhodopsin may not be involved rather than the 


glycolytic process. 


Dr. P. Rong McDonatp (Philadelphia) : May I 
ask a question on a point I didn’t quite get clearly? 
Did Dr. Dische imply that the iodoacetate has its 
primary effect on rhodopsin, and that may cause 
secondary changes in the pigment epithelium ? 

Yes, because the blockage of the 


7 with the 


Dr. DiscHe 
this lic 
function of the visual purple mechanism. It is im- 


groups of rhodopsin interferes 
possible to predict how much of the thiol groups are 
affected in the protein. It changes, depending upon 
the general state of the metabolism of the cell and 
depending upon the presence of certain other fac- 
tors in the cell. The protein may be more or less 
receptive to the blockage. That may be the explana- 
tion. 

Dr. W. K. Nortt: Wald and Brown demon- 
strated that sulfhydryl groups are involved in the 
binding of rhodopsin and that SH-reagents block 
rhodopsin regeneration. The implication of his 
finding with regard to the iodoacetate effect, I 
discussed in a paper just published (Am. J. Ophth., 
35-126 (May, Part 2) 1952). In Wald’s experi- 
ments, iodoacetate was ineffective in vitro. It was 


115 


one of the SH-poisons not affecting the rhodopsin 
regeneration. 

In our (in vive) experiments the evidence also 
points against any direct effect of iodoacetate on 
visual purple mechanisms. Over the animal scale 
frog, turtle, pigeon, cat, rabbit, monkey—the acute 
effects of visual-cell function are 
not exactly the same. These effects differ depending 
upon the degree the various functions of the visual 
cells are either supported by respiratory (oxygen 


iodoacetate on 


uptake) or glycolytic mechanisms. 

We also measured the lactic-acid accumulation 
in the retina after removal of the eye from animals 
(rabbits) that were poisoned by iodoacetate five 
minutes previous to removal. Doses of iodo 
acetate, which transiently abolished visual cell func 
tion, reduced the lactic-acid accumulaticn to about 
40 percent of its normal value over an eight minute 
period. The same doses were ineffective on the 
lactic-acid accumulation in brain and in skeletal 
muscle. 

Moreover, compared with the in vivo effects of 
other are working with very 
low Calculating the 
threshold dose of iodoacetate on the visual cells 
the effect measured by electrical means—we have 
about the same threshold concentration as for the 
inhibition of lactic acid production 

There are many possible sites of action of iodo- 
acetate. Since excessive glycolysis is the one prop- 
erty by which the retina differs from most other 
tissues, this property might also determine the se 
lective effect of the poison. It is well known that 
the glycolysis of the retina exceeds even that of 
malignant tumors. 

Your other point was, can one compare acute 
and chronic effects. Whether chronic or acute, 
specific cell processes are affected. In retinitis pig- 
mentosa, a genetic abnormality affects somehow the 
metabolic mechanisms of the visual cells. One or 
more processes of the visual cell become disrupted 
and the maintenance of cell life is made impossible. 
The demonstration of an acute effect by experimen- 
tal means is not an argument against the possibility 
that the same process is “chronically” affected in the 
disease. The genetic abnormality in retinitis pig- 
mentosa becomes manifest with time; if 1odoacetate 
affects the same process, which is the cell death 
determining the site of the reaction of the genetic 
abnormality, its effect has to become acutely mani 
fest. 

I may mention, that iodoacetate has 
also some unusual latent effects on the visual cells. 
For example, we observed one cat which had re- 
ceived a fairly low dose of iodoacetate. After a 
transient impairment of vision, the visual perform 
ances of both eyes were perfect. 

During urethane anesthesia, we recorded the 
electroretinogram three weeks after the iodoace 
tate injection; it was not significantly altered. One 
eve was then removed; there were no histologic 
changes ; no cell degeneration whatsoever was found 

Three days after the anesthesia, the pupil of the 


eve 


enzyme poisons, we 


nceentrations of iodoacetate 


however, 
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remaining eye was found extremely wide, its re- 
actions very weak; the animal was practically 
blind. We waited another three and then 
removed the eye. Histologically, now was 
widespread degeneration of the visual cells. 
Somehow, urethane must have made manifest a 


weeks 
there 


latent change produced by the preceding todoace 
tate administration. We have observed the same 
phenomenon occasionally with Dial anesthesia; | 
wonder, therefore, whether barbiturates have a 


similar adverse effect in cases of retinitis pigmen- 


tosa. The effect of Dial in this respect was not 
strong; but with urethane we consistently observed 
the phenomenon with a varying degree of intensity. 
We assume that in cases the transient in 
hibition of glycolysis by iodoacetate permanently 
changed the cell in a latent manner by affecting 
nuclear structures, and that urethane, which prob 


these 


ably is a nuclear agent, magnified these changes 
and that it brought about cell death by indirectly 
affecting the same process which initially was the 


site of action of jiodoacetate, namely glycolysis 


OBSERVATIONS ON THE EFFECT OF ADRENAL STEROIDS 
ON VACCINIA VIRUS* 


I. THe EFFECT OF CORTISONE 


IN EXPERIMENTAL 


VACCINIA-VIRUS 


KERATOCONJUNCTIVITIS OF THE RABBIT 


Ss. J. 


Kimura, M.D., Puitiirs Tuyceson, M.D., AND 


HitpeGarpD OpENNEIMER GELLER, M.A. 


San Francisco, California 


Many inflammatory eye diseases have been 
treated successfully with cortisone. Its most 
dramatic effect has been exerted on such 
allergic inflammations as vernal catarrh, on 
the eve manifestations of the so-called col- 
lagen diseases, and on those bacterial infec- 
tions, for example, nongranulomatous uveitis 
and phlyctenulosis, in which bacterial allergy 
is believed to be largely responsible for the 
inflammatory signs. 

No evidence has been advanced to suggest 
that the hormone has any direct bacteriostatic 
or bactericidal effect. On the contrary there 
are indications that it may promote the dis- 
semination of bacteria, for example, in 
tuberculosis,’ of fungi, for example, in coc- 
cidioidomycosis,? and especially of viruses. 

This disseminating effect on viruses was 
noted in connection with poliomyelitis virus 
by Schwartzman,’ and in connection with in- 
fluenza virus and mumps virus by Kilbourne 


*From the Francis I. Proctor Foundation for 
Research in Ophthalmology and the Department of 
Ophthalmology, University of California School of 
Medicine. This work was supported in part by a 
grant from The Gustavus and Louise Pfeiffer Re- 
search Foundation. 


and Horsfall* who increased the growth of 
both viruses on the chorioallantoic membrane 
of eggs by injecting the eggs with cortisone. 
The same investigators’ later showed that 
adult mice, ordinarily insusceptible to Cox- 
sackie virus infection, could be lethally in 
fected if cortisone were administered prior 
to the virus inoculation. 

Cortisone has been found to have this 
same disseminating effect on experimental 
herpes-simplex virus keratitis of the rabbit 
by three groups of investigators working 
independently. 

Thygeson, Geller, and Schwartz® noted 
that the infections produced by three differ 
ent strains of herpes virus were unimproved 


by topical instillations, subconjunctival in- 


jections, or intramusclar injections of corti- 
sone, and that the infections were usually 
more severe in the cortisone-treated animals 
than in the controls. 

Hallett and co-workers’ found that rabbits 
treated with cortisone in the form of drops, 
ointment, or subconjunctival injection gen- 
erally showed more severe infections than 
control rabbits. 
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In a more extensive study, Ormsby, 
Dempster, and van Rooyen® noted that in 
rabbits receiving large intramuscular doses 
of cortisone the acute phase of the herpetic 
infection was prolonged and the onset of 
healing delayed. They also noted, however, 
that the cortisone appeared to have a tend 
ency to restrain corneal vascularization. 

In an effort to examine further the ap- 
parently profound effect exerted by cortisone 
on the resistance of animal tissues to viral 
infections, a study of its effect on experi- 
mental vaccinia virus keratitis of the rabbit 
was undertaken. This disease seemed peculi- 
arly suited to this purpose by reason of its 
remarkably uniform clinical picture and 
course. 

At the time of writing the only related 
observations on this virus known to have 
been reported are those of Kligman, Bal 
dridge, Rebell, and Pillsbury ” and of Rose, 


Holden, Blunt, and Ragan.’® Kligman and 
his co-workers noted that the course of vac- 
cinial infection in the guinea pig after in- 
tradermal inocculation was adversely affected 
by treatment with intramuscular injections 
of cortisone, and Rose and his co-workers 


found an increased incidence of fatal en 


cephalitis in cortisone-treated rabbits that had 


received intradermal injections of the virus. 


MATERIALS AND Merruops 


Available for this study were white rabbits 
of a strain which had proved to be uniformly 
susceptible to corneal inoculation with vac- 
cinia virus. The virus used was the C.V.1. 
strain harvested on the chorioallantoic mem- 
brane of the developing chick embryo. 

The cortisone was the saline suspension 
of cortone acetate (Merck & Co., Inc.), un- 
diluted for intramuscular and subconjunc- 
tival use and diluted with saline 1:3 for local 
instillation. The cortisone ointment was the 
1.5-percent ophthalmic ointment of cortone 
acetate Merck & Co., Inc. ). Aqueous 
Vehicle No. 1 (Merck & Co., Inc.), the 


suspending vehicle for cortone acetate, was 


used in the control eyes of the rabbits re 
ceiving the 1:3 dilution of cortone acetate in 
one eye. The base for the 1.5-percent oph- 
thalmic ointment of cortone acetate, which 
contains 75-percent petrolatum and 25-per- 
cent liquid petrolatum, was used in the con- 
trol eyes of rabbits receiving cortisone oint- 
ment in one eye. 

The rabbit corneas were inoculated with 
six-mm. trephine. The tip of the trephine 
was wet with the virus suspension (10° 
dilution), and a half-turn was made with 
the trephine against the anesthetized cornea. 
By this method a rough standardization of 
the amount of virus inoculum was achieved. 


PERIMENTAL VACCINIA VIRUS KERATOCON 

JUNCTIVITIS 

The experimental disease develops after 
an incubation period of from three to five 
days and resembles in appearance and clini- 
cal course the keratoconjunctivitis produced 
by herpes simplex virus. The keratitis ap- 
pears in the form of superficial corneal in- 
filtrates followed by vascularization ; the con- 
junctivitis is characterized by an intense 
cellular infiltration of the entire conjunctiva 
with exudation. 

Early in the course of the keratitis there 
are even dendritic figures identical in appear 
ance with those occurring in typical herpes 
simplex keratitis ; these are more likely to be 
seen in the early stages of the experimental 
disease and may not be noticeable when 
massive inoculations have been made. The 
disease runs a three- to four-week course 
and heals spontaneously. 

EXPERIMENTAL RESULTS 
EXPERIMENT 

The effect of cortisone administered in- 
tramuscularly after the onset of vaccinia 
virus keratoconjunctivitis: 

toth eves of 10 rabbits were inoculated 
After the onset of the 
six rabbits 


with vaccinia virus. 


keratoconjunctivitis, were in 


jected with 20 mg. cortone acetate intra- 


S.J 


muscularly daily for 11 days. Four rabbits 
were reserved as controls. 

In three of the six treated rabbits the 
ocular disease was significantly more severe 
than it was in the control rabbits; in the 
other three it was of the same intensity as 
in the untreated animals. 


EXPERIMENT 2 

The effect of cortisone suspension instilled 
into the conjunctival sac before the onset of 
the keratoconjunctivitis: 

In six rabbits the right eye was treated 
with one drop of diluted (1:3) cortone 
acetate at one-hour intervals during the day. 
The drops were started one day after the 
corneas had been inoculated with vaccinia 
virus. The fellow eyes received one drop of 
suspending Vehicle No. 1, also at one-hour 
intervals during the day. Two control rab- 
bits were inoculated with virus but the eyes 
were left untreated. 

In three of the six treated animals the 
keratoconjunctivitis was more severe in the 
treated than in the untreated eyes; of the 
remaining three treated rabbits, one showed 
a less severe ocular disease in the treated eye 
and two showed equally severe disease in the 
treated and untreated eyes. 


EXPERIMENT 3 

The effect of cortisone injected subcon- 
junctivally before the onset of the kerato- 
conjunctivitis: 

Both eyes of six rabbits were inoculated 
with vaccinia virus and the next day the right 


eve of each rabbit was injected subconjunc- 


tivally with 2.5 mg. cortone acetate. The left 
eyes were left untreated. The subconjunctival 
injections of the right eyes were repeated 
every other day for a total of six injections. 
Three control rabbits were inoculated with 
virus but were left untreated. 

The results of this experiment 
equivocal. In only one of the treated eyes 
was the keratoconjunctivitis more severe 
than it was in the control eyes. In the others 
there were no significant differences between 


were 
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the treated and the untreated disease and the 
final scarring and vascularization seemed to 
be much the same in the treated as in the 
control eyes. 


I.XPERIMENT 4 

The effect of cortisone injected intra- 
muscularly one day prior to inoculation of 
the cornea with vaccinia virus: 

Each of six rabbits was given 20 mg. 
cortone acetate intramuscularly 24 hours 
prior to inoculation of its cornea with the 
virus and on eight successive days thereafter. 
Two control rabbits were inoculated with 
virus but were left untreated. 

There were no significant differences in 
the treated and un- 
treated 


the ocular disease in 


treated rabbits, but three of the 


animals eventually died of encephalitis. 


E-XPERIMENT 5 

The effect of cortisone ointment instilled 
into the eye before the onset of the kerato- 
conjunctivitis: 

The ophthalmic ointment (1.5 percent) of 
cortone acetate was instilled into the right 
eye of each of six rabbits three times daily 
for 11 days; the treatment was started one 
day after the inoculation with virus; oint- 
ment base was instilled into each left eve. 

Although four of the six cortisone-treated 
eves showed a more severe keratoconjunc- 
tivitis than the untreated eyes, the differences 
were slight and, after healing, the corneal 
scars were about the same in the treated as 
in the control eyes. 


CoMMENT 

In these experiments on 30 rabbits corti 
sone administered by various routes failed to 
influence favorably the course of experi- 
mental vaccinial keratitis. Contrary to the 
observations of Ormsby, Dempster, and van 
Rooyen® on herpetic keratoconjunctivitis, it 
also failed to restrain corneal vascularization. 
As was found to be the case in experimental 
herpetic keratoconjunctivitis by Thygeson, 
Geller, and Schwartz,® and by Ormsby and 
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others,* cortisone administered intramuscu- 
larly in the vaccinia-infected rabbits seemed 
to favor dissemination of the virus. Thus in 
three of six treated rabbits in Experiment 1 
the disease was significantly more severe 
than in untreated control rabbits, and in 
I:xperiment 4, in which none of the control 
animals developed encephalitis, three of the 
six treated animals succumbed to this com- 
plication. 

In general, therefore, cortisone had an 
adverse effect on experimental infections 
with vaccinia virus just as it has been shown 
to have on such other virus infections as 


poliomyelitis, herpes simplex, Coxsackie in- 


fection, and influenza. 
SUMMARY AND CONCLUSIONS 


1. The effect of cortisone therapy on ex- 


perimental vaccinia virus keratoconjunc- 
tivitis was tested in a series of five experi- 
ments on 30 rabbits. 


2. Cortisone administered prior to the 
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DISCUSSION 


Dr. Davin CoGAn (Boston) : If I understood you 
correctly, [| think this has profound practical ap- 


plications. Dr. Kimura did not say anything about 


other viruses, but I would infer that the vaccinia 
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virus is being used just as a test agent, and that 
what applies to the cortisone effect on vaccinia virus 
is true of other viruses as well 

lf so, that is a very practical matter for us, is it 
not? Is it your belief, Dr. Kimura, that this ap 


plies to viruses in general ? 


Dr. Kimura: Dr. Thygeson has previously re- 
ported on the effects of cortisone on the herpes sim- 
plex virus and, as I recall, there were indications 
that the use of cortisone certainly did not help the 
herpes simplex keratitis 

As I said, this is just part of a general program 
in which we have been studying the effect on various 
viral infections not only of cortisone but of other 
adrenal steroid hormones. 


Dr. A 


not conducted our 


FE. Bratey (lowa City, Iowa): We have 
experiments with 
but we 
| effect on 


cortisone on 
indi 
virus 


viruses along the same lines, have an 
that 
intections, 


I don't 


creases the susceptibility of the body to 


cation cortisone has no 
that it in 


Virus in 


believe we can actually say 


fections. Certainly in certain clinical virus infec 


such as epidemic keratoconjunctivitis, when 
is it is in herpes simplex, there is 
not a good effect on the clinical disease or the spread 
of the virus. In the spread of the epidemic kera 


toconjpunctivilis virus during the 


trons, 


cortisone is used, 


ictive phase there 


is probably an increase in the number of corneal 


opacities that are present after the use of cortisone 
However, after the corneal opacities develop and 
the virus disease has run its course, cortisone may 


have a beneficial effect 
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Dre. H. E. Tuorrve (Pittsburgh): I should like 
to mention my experience with several 
dendritic keratitis which were treated with topical 
application or with subconjunctival 
cortisone acetate. None of the cases in which topical 
cortisone was applied showed any improvement dur 
ing the use of this drug. Two cases in which corti 
sone was injected subconjunctivally in dosage of 
10 mg. were definitely and markedly aggravated 
within 24 to 36 hours. 

When, however, these 
treated with intramuscular or intravenous injections 
of corticotropin (ACTH), there was a marked 
regression of the inflammatory process. 

Human dendritic keratitis ascribed to virus dis 
ease is often complicated by severe inflammation 
which may be due to other factors. The few cases 
which our attention have in most 
instances responded favorably to systemic ACTH 
therapy and unfavorably to local cortisone treat 
ment. It is likely that this is due to the fact that 
corticotropin or ACTH stimulates the production 
ot a broad spectrum of corticoid substances 


cases of 


injection of 


cases were subsequently 


have come to 


Dr. M. A, Last (New York): There appears to 
be no question that, in experimental animals, corti 
have a deleterious effect in infec 
but one of the interesting things is that in 
virus infections of other parts of the body, such as 
poliomyelitis, as described by Schwartzman, ACTH 
does not have that effect but cortisone does 

Secondly, while the experimental effects of corti 
have not been at all there 
reports in the treatment of other virus infections 
clinically (not in the eye) wherein cortisone did 
not have a bad effect. I am not talking about loca 
treatment--I mean systemic therapy. 


sone does seem to 
trons ; 


sone good, have been 


HOMOLOGOUS RERATOPLASTY 


IN THE RABBIT* 


GAYLoRD W. Oyers, M.D., Juues M. Yasuna, M.D., anp 
Harotp G. Scuetr, M.D. 
Philadelphia, Pennsylvania 


The postoperative course following kerato- 
plasty in human eyes is characteristically 
smooth for the first two weeks and the graft 
remains clear. However, at any time from 
the end of the second to the fi fth postopera 
tive week signs of varving degrees of irido- 


evelitis appear and there is a tendency of the 


graft to become hazy and vascularized. This 

*From the Department of Ophthalmology, 
Hospital of the University of Pennsylvania, Medi 
cal School of the University of Pennsylvania, and 
the Children’s Hospital of Philade Iphia 


is thought by some'* to be due to an intoler- 
ance on the part of the eye to the foreign 
protein of the donor button, probably similar 
in nature to the reaction which occurs in 
homologous skin grafts. 

Homologous skin grafts also do well for 
the first two or three weeks but then undergo 
necrosis or exfoliation. The analogy between 
the two types of grafts is suggested not only 
because the time of reaction is similar in 
each, but also because corneal grafts placed 


into heavily scarred and vascularized corneas 
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undergo more marked reaction and are more 
likely to become opaque than when placed in 
lightly scarred, avascular ones. A vascu- 
larized, scarred cornea more nearly resembles 
the subcutaneous recipient bed of the skin 
transplant. The avascular, lightly scarred 
blood 


vessels and is probably not capable of giving 


cornea contains few cells and no 
rise to severe foreign protein reactions. 

The exact mechanism underlying the de 
layed reaction to the homologous tissue 
grafts is not known. Some of the reasons 
given are: (1) Athrepsia (a lack of nutri 
ment in the host), (2) natural immunity, 
(3) a lack of stroma and vascular supply, 
(4) a possible local cellular reaction leading 
to the production of substances causing in 
compatibilities between the host and trans 
plant, (5) or a possible production of an 
actively acquired immunity on the part of 
the host to the foreign protein.* 

The latter theory of an actively acquired 
immunity receives support from the work 
of Medawar,” who has demonstrated in rab 
bits that a second crop of skin transplants 
from the same donor will disintegrate at a 
much faster rate than the first. He has also 
stressed the fact that the larger the graft 
(the greater the dose of the antigen), the 
more rapid is the disintegration of the 

In such experiments, antibodies to the skin 
protein cannot be found, a situation similar 
to that seen in tuberculin hypersensitivity, 
wherein there is also an absence of demon 
strable antibodies in the serum to the tuber 
culoprotein. 

In discussing the anomalous situation of 
the survival of the corneal grafts as contrast 
ed to skin grafts, Medawar"' points out that 
even skin grafts when transplanted into the 
anterior chambers of specifically immunized 
rabbits will not be destroved unless vascular 
ization of the graft takes place. 

Since the cornea is avascular, the corneal 
button is not likely to succumb to an immune 
reaction even if it could initiate it. The fact 
that corneal grafts do poorly when placed 


in scarred, vascularized corneas adds clinical 
support to this explanation. 

Maumenee* has performed a very inter- 
esting set of experiments wherein kerato 
plasty in rabbit eyes resulted in clear trans 
plants if the ocular reaction during the first 
two weeks was mild, the pannus not marked, 
and the graft clear or only slightly hazy. This 
is in marked contrast to the course of human 
eves following keratoplasty, where grafts 
not infrequently appear clear during the 
first two postoperative weeks, only to be 
come cloudy and the eve irritated a short 
time later. 

Maumenee felt that possible explanations 
for this variance in postoperative course 
might lie in the fact that rabbit corneas are 
not as susceptible to donor recipient sen- 
sitization as is man and the corneal buttons 
did not 
rise to a sensitivity reaction. 


release sufficient antigen to give 


At any rate, it is most interesting that 
Maumenee was able to produce clouding in 
previously clear corneal grafts two to four 
weeks after transplanting skin from the cor 
neal donor animal to the corneal recipient 
rabbit. This, of course, corresponds to the 
time sequence of reaction seen in the human 
eve after keratoplasty. Systemic cortisone 


given to a small series of such animals re- 


sulted in some instances in the clearing of 
the graft. 

The delayed response of the human eye 
following keratoplasty offers some support 


found clinically in 10 cases that cortisone 


to the sensitization theory. has 
was at least partially effective in blocking 
the secondary reaction of the eye and cloud- 
ing of the graft. Others'’*** have men- 
tioned its use in keratoplasty. It, 
fore, seemed worthwhile to investigate the 
effect 
course of eves following keratoplasty. 


there- 


of cortisone on the postoperative 


Metuops 
Male albino rabbits were used. The ani 
keratoplasty 
were divided into four groups. Homologous 


mals undergoing operations 
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keratoplasties were performed on the animals 
in the first three groups. The fourth group 
consisted of rabbits with autologous kerato- 
plasties. The first and last groups received 
no cortisone. Cortisone acetate was given 
systemically to the second group from the 
day of surgery and continued for 20 posto- 
perative days. The animals of the third 
group were given systemic cortisone from 
the seventh to the 27th postoperative days. 

Animal preparation and basic procedures 
closely resembled that described by Katzin."* 
The rabbits were given intravenous pento- 
barbital 
(25 mg./kg.) combined with 25 units of 


sodium in basal anesthetic doses 
heparin to prevent the troublesome coagula- 
tion of secondary aqueous. Each animal was 
immobilized in a small animal holder and the 
eye was prepared by the instillation of drops 
(1.0 


(1.0 percent), and physostigmine (0.5 per- 


of pontocaine percent), pilocarpine 
cent). The eye was then immobilized with 
fixation sutures placed through the recti 
mucles, 

After outlining the area of the transplant 
with a 4.5-mm. trephine, the cornea was 
stained with fluorescein, and 6-0 black silk, 
criss-cross sutures were placed in the cornea. 
Following the removal of the donor graft 
from the eye of a freshly killed rabbit, the 
button from the recipient eye was removed 
and 
scissor dissection. Just prior to placing the 


by a combination of  trephination 
transplant and tying the sutures, several 
drops of neosynephrine (10 percent) and 
atropine sulphate (1.0 percent) were instilled 
directly into the opened eye. 

In the autologous keratoplasties, the tech- 
nique was the same except that the button 
was removed from the living rabbit and then 
replaced in the same eye. 

Postoperatively, all animals received daily 
intramuscular injections of procaine penicil- 
lin (50,000 units) and dihydrostreptomycin 
(0.025 gm./kg.) for five days. Atropine sul- 
phate ointment (1.0 percent) was instilled 
into the cul-de-sac of the operated eye until 


all signs of irritation had ceased. About one 
half of the animals were given 6.0 mg. of 
cortisone acetate per kg. intramuscularly, 
cither from the day of operation or starting 
on the seventh postoperative day. This was 
continued for 20 days. The transplanted 
eyes were examined at two- to three-day 
intervals for iridocyclitis, graft clarity, and 
corneal vascularization. 

The iritis was graded by the amount of 
iris vessel dilatation and visibility of iris 
detail. The grading ranged from no change 
(zero) to marked vascular engorgement with 
iris hemorrhages and obliteration of iris de- 
tails (Grade 3). 

Graft clarity was judged by the amount of 
iris detail visible through the corneal button 
and the observable graft haze. A zero grade 
represented no corneal haze ; a just discerni- 
ble haze was Grade 1; grafts which showed 
well-marked haze, but with iris detail visible, 
were graded as Grade 2; Grade 3 included 
those grafts so opaque that no iris details 
could be distinguished. For purposes of final 
classification Grades 0 and 1 were classed as 
clear. Grades 2 and 3 were classed as opaque. 

Corneal vascularization was judged by the 
size of the invading vessels, the numbers of 
vessels or density, and distance of the 
corneal invasion in millimeters. 


(OBSERVATIONS 


HOMOLOGOUS KERATOPLASTY IN ANIMALS 


NOT TREATED WITH CORTISONE 


By the second or third day (the time of 


the first postoperative observation) most of 


the grafts showed a Grade-2 or Grade-3 haze. 
In most of those corneas which eventually 
cleared, a definite decrease in corneal haze 
was observed by the 10th to 14th postopera- 
tive day. Maximum clarity was reached as 
early as the second and as late as the fourth 
week. None cleared after this. 
Circumcorneal vascular dilatation was 
present from the first, and corneal invasion 


began about the fourth or fifth postoperative 
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day. At this time, the vessels were densely 
packed and small. Some of the vessels in- 
creased in size and length to reach the graft 
by the 14th day. It is interesting to note that 
the vessels reached the graft at the approxi- 
mate time that the graft began to clear. 

No general statement can be made with 
regard to the ultimate fate of the vessels. In 
some instances, the vessels became smaller 
and lost their blood content. In others, the 
vessels were stationary in size and blood 
content. If vessels had ever been in the 
cornea, at least ghost vessels could always be 
detected on subsequent examination with 
magnification and intense illumination. 

The iritis was maximal during the first 
week or 10 days and subsided about the 16th 
day. 

The period of greatest reaction as judged 
by the most intense combination of iritis, 
vascularization, and graft density occurred 
somewhere between the seventh and 16th 


postoperative days. 


HOMOLOGOUS KERATOPLASTY IN CORTISONE- 
TREATED ANIMALS 


The period of greatest reaction in animals 
treated with cortisone from the time of sur- 
gery was from the second to fifth day. Not 
only was the duration of the reaction de- 
creased, but all component phases of the re- 
action were minimized. The intensity of the 
reactions seen from the seventh to 16th post- 
operative days in the control animals was 
never approximated in the cortisone-treated 
animals. The cortisone did not hasten the 
height of reaction; rather it appeared to cut 

TABLE 1 


[HE EFFECT OF CORTISONE ON DAY OF GREATEST RE- 
ACTION FOLLOWING CORNEAL TRANSPLANTATION 


Days of 
Greatest Average 
Reaction 


Control with atropine 

Cortisone with atropine from 
day of surgery 

Cortisone and atropine from 
7th postoperative day 


TABLE 2 


THE EFFECT OF CORTISONE ON THE DURATION OF 
IRITIS AFTER CORNEAL TRANSPLANTATION 


Duration Num- 
of Iritis ber of 
(days) Eyes 


Control with atropine 16. 34 


5 
Cortisone from day of surgery Be 18 
Cortisone from 7th postoper- 
ative day 8.0* 9 


* Lasted two days after start of cortisone. 


the reaction short before it became full 
blown. 

The period of greatest reaction when 
cortisone was started on the seventh post- 
operative day was seen from the sixth to 
ninth day, which again shows the marked 
effect of cortisone (table 1). 

Duration of iritis. In the 34 homologous 
control eyes, the average duration of the 
iridocyclitis was 16 days. When cortisone 
was started on the day of operation, the 
average duration of the iridocyclitis in 18 
eves was 5.5 days, which is approximately 
one third of the figure for the controls. 

Cortisone given on the seventh postopera- 
tive day resulted in a cessation of the iritis 
on the eighth postoperative day in all nine 
eyes (table 2). 

Corneal vascularization. Of the 34 homo- 
logous control eves, 31 showed vasculariza- 
tion of varying degrees. 

Not one of the 18 eyes of rabbits receiving 
cortisone from the day of surgery developed 
corneal vascularization. 

All nine of the eves of the rabbits receiv- 
ing cortisone from the seventh postoperative 
day developed some degree of vasculariza- 
tion. However, the size of the blood column 
in this group decreased soon after the start- 
ing of the cortisone. While the same phe- 
nomena eventually occurred in the control 
eves, this tendency was more marked and 
occurred sooner in the former group. 

Graft clarity. Of the 34 homologous con- 
trol eyes, 17 or 50 percent were eventually 
graded as clear. 
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rABLE 3 
[HE EFFECT OF CORTISONE ON GRAFT CLARITY 
Percentage ot 


Cortisone Eves 
Treated trom 


Percentage of 
Cortisone Eves 


Percentage ot 
Treated from 


Control Eyes 


Day of 7th Postopera- Remaining 
Operation tive Day Clear B 
Remaining Remaining 

Clear Clear 

0% 80% 50% 


(7 of 9 Eves) (17 of 34 Eves) 


(16 of 18 Eyes) 


When cortisone was given from the day 
of surgery 16 of the 18 grafts or 90 percent 
were eventually graded as clear. 

Clear grafts resulted in seven of the nine 
(80 percent) eyes in rabbits receiving corti- 
sone from the seventh postoperative day 
(table 3). 


AUTOLOGOUS KERATOPLASTY IN ANIMALS 


NOT TREATED WITH CORTISONE 


The 10 rabbit eyes in this series ran a 
course very similar to the control eyes with 
homologous keratoplasties. The autologous 
grafts were hazy at the time of the first post- 
operative dressing (second or third post 
operative day). The average duration of the 
iritis was 18 days. 

Corneal vascularization began about the 
fourth or fifth postoperative day. Three of 
these 10 eyes showed no vascularization as 
compared to three of the 34 control eyes with 
homologous transplants. 

Although the higher percentage of non- 
vascularization in the autologous keratoplas- 
ties may be significant, it does not seem 
possible to draw such a conclusion from so 
small a number of rabbits. Five of the grafts 
in the autologous series were graded as clear 
at the end of the third postoperative week. 
While this percentage is identical to that 
found in the homologous controls, it is un- 
fortunate that the autologous grafts were 
followed for only three weeks, as it was 
found that a few of the homologous contre Is 
followed for a longer time reached maximal 
clarity between the third and fourth post- 
operative week. 


DISCUSSION 


The postoperative course following kera- 
toplasty in the untreated rabbit eye was 
similar to that described by Maumenee.* The 
reaction as judged by the amount of iri- 
docyclitis, corneal vascularization, and hazi- 
ness of the graft started during the first 
three days and reached its peak during the 
second week. Grafts which were relatively 
clear by the 16th day almost invariably re- 
mained so. Further reaction did not then 
occur, as the process was apparently self- 
limited. 

There was little difference in the post- 
operative course of the control eyes with 
homologous keratoplasty as contrasted to the 
eves with autologous keratoplasty. Although 
three of the 10 eves with autologous grafts 
showed no vascularization as compared to 
three of the 34 control homologous kerato- 
plasties, the series are not c mplete in num- 
bers and the figures can therefore only be 
considered as suggestive of less postoperative 
irritation in the eves with autologous grafts. 

It would that the post 
operative course of the rabbit eye following 


appear stormy 
keratoplasty was chiefly due to postoperative 
irritation rather than foreign tissue intoler- 
ance. This might be interpreted as offering 
some support to Castroviejo’s** theory that 
the stormy postoperative course in humans is 
due to factors other than a reaction to homol 

ogous tissue. 

Whatever the cause of the stormy post- 
operative course in rabbit eyes with kerato 
plasties, the modifying effect of systemic 
cortisone on the reaction is notable. 

The inhibition of corneal neovasculariza 
tion 
cortisone from the day of surgery is striking. 


in the animals treated with systemic 


None of these animals developed corneal 
vascularization. There is evidence that corti 
sone inhibits corneal vascularization follow- 
ing experimental corneal injury induced by 
the application of heat,’*"* alloxan,'® or 
alkali2® Although all workers*™* have not been 
able to confirm this in alkali burns, this may 
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be due to the fact that cortisone is not equally 
effective in overcoming varying intensities of 
alkali injury. Furthermore, the effect of 
alkali may be more persistent and result in 
greater tissue damage than either heat or 
alloxan. 

Inhibition of vascularization by cortisone 
in other parts of the body has been reported. 
Blunt*? and others attribute the delay in heal 
ing of fractured rat femurs in cortisone- 
treated animals to an inhibition of new blood 
vessels in the reparative process. Dilling- 
ham** and co-workers report a delay in the 
vascularization of skin autografts in corti- 
sone-treated rabbits. 

Because neovascularization of the cornea 
is inhibited or lessened by cortisone, 
Gordon™* and others, and Hartmann’* and 
others have suggested its use in transplant 
surgery. Favorable results on neovasculariza 
tion in human transplants have been reported 
by Scheie,’ Woods,** and Duke-Elder.*° 

The salutary effect of cortisone on acute 
iritis has been well documented, and it is 
therefore not surprising that this drug mark- 
edly cut down the degree and duration of 
the postoperative iritis in our experimental 
animals. This may be one of the contributing 
factors which resulted in a larger number 
of clear grafts in the treated animals. 

In our control rabbits only 50 percent of 
the eves with keratoplasties were eventually 
classified as having clear grafts. Since this 
figure corresponds to the results obtained by 
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CONCLUSIONS 


1. It would appear that the ocular reaction 
following keratoplasty in rabbit eves is con- 
sequent to the operative trauma rather than 
allergy to homologous tissue. 

2. Cortisone decreases the duration and 
severity of the ocular reaction to keratoplasty 
in rabbit eyes. 

3. Corneal neovascularization appeared to 
be inhibited when systemic cortisone was 
started on the day of surgery. 

4+. Postoperative iridocyclitis was reduced 
in amount and duration by systemic corti- 
sone, 

5. The percentage of clear corneal grafts 
was increased in those rabbits receiving 
cortisone postoperatively. 
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DISCUSSION 


Dr. Lupwic von SALLMANN (New York) : Have 
you noticed any effect on wound healing secondary 
to the administration of cortisone ? 


Not in the corneal transplants, but we 
which we intend to 


Dr. Oyers: 
have done some experiments, 
report later, with linear incisions. At various time 
intervals, the partially healed incisions were rup- 
tured by increasing the intraocular pressure. Histo- 
logic sections would seem to indicate that there is 
a decrease in the fibroblastic repair after the sixth 
day, but as far as tensile strength is concerned we 
have not demonstrated any change 


Dr. Frank W. Newer (Chicago): Quantita- 
tively there is a difference between the systemic 
administraticn of cortisone and the local administra- 
tion of following keratoplasty. Histo- 
logically, in all of these eyes there is no delay in 
wound healing in the first four or five days because 
mesenchyme proliferation is not significant in wound 


cortisone 


healing during that period. Epithelial proliferation, 
which is not affected materially by cortisone, pro 
ceeds normally. 

Unless one wishes to propose something which I 
do not think has been proposed previously, namely, 
that there is a differential effect of cortisone upon 
neovascularization and fibrous tissue regeneration, 
it is going to be difficult to accept fully the thesis 
that cortisone depresses new blood vessel formation 
without also depressing fibrous tissue regeneration, 
since they are both mesenchymal tissues 


Dr. Oyers: I don’t believe I said it did not de- 
press the fibroplastic tissue. I believe I said our 
pathologist thought he could prove that it did, but 
that in the clinical part or the bursting experiments 
it did not seem as though the amount of depression 
was significant, although I would like to point out 
that we had a tremendous scatter in the bursting 
points of these various eves. 
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All of the optical media of the eye have 
in common the necessity of maintaining 
transparency for preservation of function. 
The cornea presents a particularly difficult 
problem in that it is a highly cellular struc- 
ture with substantial metabolic activity and 
nutritional requirements, but because of the 
transparency requirement it must remain 
avascular. Moreover, the maintenance of 
transparency is due entirely to maintenance 
of the same refractive index in intra- and 
extracellular fluid. 

In a living tissue, this means maintenance 
of a specific solute concentration and, in the 
cornea, it has been demonstrated that the 
tissue is in a state of partial dehydration ; 
increase or extreme decrease in water con- 
tent causes marked loss of transparency. The 
homeostatic mechanisms involved here are 
of great practical interest to the ophthalmolo- 
gist. A certain amount of experimental work 


and much speculation has been devoted to 


this problem of corneal transparency. 

Leber who first emphasized the connection 
between deturgescence and transparency be- 
lieved the epithelium and endothelium to be 
completely impermeable to salts and water.’ 
Later Griber? showed that the limbal vascu- 
lar plexus was the source of corneal water 
and salts by free flow. Griiber suggested two 
possible patterns of flow: one in re-entrant 
arcs, from limbus to center to limbus again; 
or a second with entry at the limbus and 
exit into the aqueous centrally. 


* From the Laboratory for Research in Ophthal 
mology, Western Reserve University, and the Oph- 
thalmologic Service, Department of Surgery, Uni- 
versity Hospitals of Cleveland. Supported by a 
grant from the National Institute of Neurological 


» 


Diseases and Blindness, U. S. Public Health Service 


Fischer in a series of papers*® reported 
selective permeability differences between 
epithelium and endothelium, The extensive 
work of Cogan and co-workers* has led to 
the postulation of a very specific theory of 
corneal fluid flow which runs briefly as 
follows: 

The chief source for corneal nutrition is 
the limbal vascular plexus; fluid and salts 
enter freely here. The corneal epithelium 
and endothelium are virtually impermeable to 
salts but not to water. Furthermore, accord- 
ing to these workers, both tears and aqueous 
are moderately hypertonic with respect to 
plasma so that water is removed from the 
cornea osmotically in both directions leaving 
the salt to diffuse back via the limbus. Ac- 
cording to this theory the work of keeping 
the cornea dehydrated is performed by the 
lacrimal gland in secreting hypertonic tears 
and by the ciliary body in secreting hyper- 
tonic aqueous. 

Davson® has correctly pointed out that if 
this mechanism actually did obtain, the re- 
sult would be an increase of salt concentra- 
tion within the cornea to the point where the 
postulated mechanism would soon stop. This 
objection has not been satisfactorily 
answered by Kinsey’s postulate of a small 
osmotic gradient causing a steady-state with 
little actual water transfer.® 

The demonstration in this laboratory’ of 
the rapid corneal entry of intravenously in- 
jected inorganic ions (30 to 50 percent of 
serum level in 15 minutes) is hardly com- 
patible with no fluid flow. Thus the present 
state of the problem of corneal trans 
parency is an unsatisfactory one, and is 
subject to revision. 

It is to be noted that part of the Cogan- 
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Kinsey theory is based on the assumption of 
tears hypertonic to the plasma and a cornea 
impermeable to inorganic ions. These two 
assumptions were tested in the experiments 
to be described herein. It should be further 
noted that an accurate estimate of the tonicity 
of tears is a desirable and unusually difficult 
figure to come by. Such an estimate is of 
interest for preparation of local ocular medi- 
cations in addition to its theoretical utility. 
However, direct measurement of the thin 
watery film which covers the normal cornea 
is impossible by our present methods. 

Measurement of the osmotic pressure of 
stimulated tears* or of tears collected from 
the duct of the lacrimal gland before evapo- 
ration is certain to yield lower concentrations 
than would be given after normal evapora- 
tion has taken place from the corneal film. 
Most of the results on the unevaporated 
preparations were in the neighborhood of 0.9 
percent NaCl equivalent. In the face of these 
difficulties an indirect approach may be 
necessary to give useful results. 

Such an indirect approach is the applica- 
tion of solutions of graded tonicity to the 
anterior corneal surface of an experimental 
animal and measuring the amount of pene- 
tration of a specific inorganic ion in a given 
time period. At any tonicity other than the 
optimum there should be epithelial damage 
and increased permeability.® 

This indirect approach to the tonicity of 
tears should be a direct approach to the best 
tolerated osmotic concentration for local 
medications. Such an approach was also used 
by Massart’® who measured observer sensa- 
tion in response to solutions of varying 
tonicity dropped on the cornea. His findings 
indicated that tears were equivalent osmoti- 
cally to 1.35-percent sodium chloride. 

This same type of experiment furnishes 
information on the outside—in permeability 
of the corneal epithelium. To get information 
on the inside-out permeability of both epi- 
thelium and endothelium one may inject 
small volumes of solution into the stroma 


via the limbus without damaging either endo- 


thelium or epithelium and measure penetra- 
tion both into the aqueous and into an eye 
bath of artificial tears. Finally, penetration 
from aqueous to cornea through the endo- 
thelium may be measured after careful injec- 
tion of the anterior chamber through the 
filtration angle. Because of ease of analysis 
and ability to determine physiologic amounts 
of inorganic salts even when small volumes 
were introduced, all experiments were done 
with radioactively labeled inorganic salts.* 

The results discussed in detail herein indi- 
cate a markedly higher osmotic optimum for 
fluids in contact with the anterior corneal 
surface than generally reported in the litera 
ture, and an unsuspectedly high permeability 
of the endothelium to ions diffusing from the 
corneal stroma to the aqueous. 


Metuops 


A. PERMEABILITY OF ANTERIOR CORNEAL 

SURFACE IN OUTSIDE-IN DIRECTION 

These and all subsequent experiments 
were done on the eyes of healthy adult 
rabbits under phenobarbital-pentobarbital 
anesthesia. Test solutions were applied to the 
anterior corneal surface by means of a glass- 
cup applicator similar to that described by 
Cogan and Hirsch" and held in place by a 
minimum amount of suction In our hands 
this amounted to 10 mm. Hg, a level which, 
in agreement with the above authors, is far 
too little to cause trauma (see protein experi- 
ments to be described). 

It was found that a 2.0 ml. pyrex centri- 
fuge tube made an admirable applicator when 
the tapered end was opened and attached to 
the source of vacuum. Usually six of each 
dozen tubes had lips which were shaped well 
enough to require no further modification. 
The area of solution in contact with the 
cornea was 3.14 cm.’, that is, a circle 10 mm. 
in diameter. A modification found useful 
later was the addition of a side-arm for re- 
moval of the applied solution (fig. 1). 


* Obtained from Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 
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rig. 1 (Potts) 
permeability of corneal epithelium 


Improved applicator for studies of 


The solution to be tested was injected 
through the rubber tube and into the cup. 
The volume injected was 2.0 ml. of a solu- 
tion containing M/150 phosphate buffer at 
pH 7.3, the salt to be tested was in osmolar 
concentration equivalent to 700 mg. 
NaCl/100 ce. and the solution made up to 
the specified osmotic strength with sodium 
chloride. In the case of sodium ion, po- 
tassium chloride was used. Osmolar con- 
centration was checked by the freezing point 
depression method with a_ differential 
thermometer. 

After the experimental period—usually 20 
solution with- 
drawn through the side-arm and the resid- 
ual fluid flushed the 


copious amounts of saline. The aqueous was 


minutes—the applied was 


was from eye with 


immediately withdrawn with a_ 0.25-ce. 
syringe and 27-gauge needle and the eve was 
frozen by dropping into a beaker of hexane 
cooled in a dry-ice cellosolve bath. 

In the cold room at —10°C., the central 
corneal area which had been in contact with 
the applied solution was cut out with a cork 
borer and the remaining corneal annulus 
was cut out separately. Samples of the other 
ocular structures were dissected out and 
weighed at this time. 

Samples were prepared for counting, and 
radioactivity was counted as described previ- 
ously,® with slight modification. Since the 
large-windowed Geiger-Muller tube used 
previously is no longer available, counting 


was done in steel cups of 2.5-cm. diameter 
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and a Tracerlab type TCG-2 Geiger-Miuller 
tube was used. Correction was made for self- 
absorption where necessary. 


B. DIFFUSION FROM A PLACED IN 


CORNEAL STROMA 


DEPOT 


In this type of experiment a minute drop- 
let of labeled solution was placed in the 
center of the corneal stroma without damage 
to either epithelium or endothelium. This was 
accomplished with the aid of the micro- 


syringe described previously. The 27-gauge 


needle was passed into the conjunctiva 1.0 
mm. from the limbus and past the corneo- 
scleral junction into the corneal stroma. The 
needle was then passed intralamellarly until 
its tip reached the corneal center. At this 
point one or two c.mm. of solution were in- 
jected and after a short wait the needle was 
withdrawn, 

After a little practice using solutions con- 
taining a dye such as fluorescein this maneu- 
ver may be accomplished with surprising 
ease and accuracy and with no damage to 
either epithelium or endothelium. The rare 
eye that was so damaged was immediately 
detected and eliminated from consideration. 

After injection, an applicator described in 
part A was immediately placed on the corneal 
surface centered over the minute depot and 
filled with 1.0 ce. of a solution of sodium 
chloride of known tonicity. The tonicity was 
varied from 0.7 percent to 1.6 percent. After 
the experiment was completed, usually at 20 
minutes, the solution was withdrawn from 
the applicator, the applicator removed, an 
aqueous sample procured, and the eve frozen 


and dissected as before. 


C. DIFFUSION FROM AQUEOUS HUMOR INTO 

CORNEA 

In this type of experiment the micro- 
syringe was used for injection of the an- 
terior chamber as described previously,® with 
some modifications. To eliminate the possi 
bility of leakage of injected material, an 
annoying problem, we had formerly allowed 
the needle to remain in the eve for the dura- 
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Fig. 2 (Potts). Technique of anterior 
chamber injection 


tion of the experiment. Cutting the needle 
off with a dull pair of pliers as suggested by 
Kinsey and Cogan changed the injected 
volume by a significant amount. A new and 
completely satisfactory technique as 
follows : 

A small (4.0 mm.) conjunctival flap is 
dissected at the limbus. Through the sclera 
so exposed, some 3.0 mm. from the limbus, 
is passed a double-armed suture of 5-0 black 
silk, forming a U-shaped loop penetrating 
half or more the scleral thickness but not 
perforating the globe. The arms of this 
suture are then passed through the con- 
junctival flap and looped once. 

The injection is then made by the micro- 
syringe, the needle entering the sclera 1.0 
mm. peripheral to the suture loop and pass- 


2.8844 Na?* 


No*Cl/mm 
Time 20min 


2 
EQUIVALENT mg% NaCl IN APPLIED SOLUTION 
[OSMOTIC STRENGTH MADE UP WITH KCL] 


Fig. 3 (Potts). Inward diffusion of Na™Cl 
applied to corneal surface 


710+ ag Csfec 
Time 20 min 


1950 1550 
Equivalent mg% NaCl in applied solution 


Fig. 4 (Potts). Inward diffusion of Cs™ (aqueous) 
ing above it, through the limbus and into the 
anterior chamber. When the injection is com- 
pleted, the loop is tightened over the con 
junctival flap and needle and the latter is 
carefully withdrawn, tightening the suture as 
the needle leaves its channel to close the 
needle track instantly. The suture is then 
tied. 

Figure 2 is a sketch of this arrangement. 
The procedure is quite effective in prevent- 
ing leakage and is accomplished with a mini- 
mum of trauma. 


RESULTS 


The results of the experiments described 
are shown in Figures 3 to 11 and in Tables 
1 to 3. 


Type A 

Experiments of type A, diffusion into the 
eye from solutions applied to the cornea, 
were done with sodium chloride labeled with 
Na**, sodium phosphate labeled with P*, and 
cesium chloride labeled with Cs'**. A control 
type of experiment was done with iodinated 
albumin labeled with 

The results with labeled sodium are shown 
in Figure 3. It is easily discernible that as 
the osmotic strength of the applied solution 
increases, the penetration through the cornea 
goes through a minimum at a concentration 
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TABLE 1 
DISTRIBUTION OF INORGANIC IONS AFTER APPLICATION TO ANTERIOR CORNEAL SURFACE 


Time: 20 minutes 


A. Cesium 


Composition of applied solution: 710 ug. (5.3 umol.) Cs/cc. _ - 


Osmotic equiv. 
NaCl/ 100 ce. 
\queous 


as g. 
0.75 


1.28 


1.05 1 
0.85 0.35 
.22 


0.90 


1.41 
0.07 


0.998 1.2 
1.0 


Corneal Plug 2 0.69 


B. Sodium 
Composition of 


Micrograms Cs 


.20 127.5 


applied solution: 2.88 mg. 


1.65 


0.14 
0.06 


1.35 
93 
18 
.25 
12 


1.50 1.55 

0.36 0.20 

0.04 0.7 

0.08 0. 

0.05 0. 
0. 
0.4, 
0. 
0. 

> ©. 
0. 


85 
14 
13 
.25 


0 
0 
0 
0 


4 


Na (125 uwmol.) 7 mg. NaCl ‘ce. 


Micrograms Na 


Osmotic equiv. as g. 
NaCl/100 ce. 0.75 
Aqueous 7.46 


1.90 


75 

Corneal Plug 73 
C. Phosphate 


1.35 
0.845 
0.67 


1.50 
1.39 
0.67 


1.60 
1.62 
2.08 


1.90 
1.60 
1.83 


Composition of applied solution: (1.34 mg. (14 wmol.) PO, ‘cc. 
Millimicrograms PO, 


Osmotic equiv. ‘ 
NaCl1/100 ce. 
\queous 


110 


1421 
349 


0.75 
330 
191 


0.60 
178 
703 


0.90 
697 


1268 


1630 
2672 


1695 
1526 


296 
2210 


Corneal Plug 


equivalent to 1.35 percent NaCl. Beyond 
this point permeability appears to increase 
again. 

In the case of cesium (fig. 4) and phos- 
phate (table 1) it is again observed that 
permeability decreases to a minimum at ap- 
proximately 1.35 percent. However, in the 
case of these two ions the increase of per- 
meability with higher osmotic strength is 
not observed. 

The penetration of sodium and cesium, 
though not great, is significant. The perme- 
ability to phosphate 
magnitude less—should be noted. That this 


a whole order of 


is actual penetration is borne out by the fact 
that, when the applied solution contains 


2.00 
33.8 
64.5 

1140 

448 

616 
91.5 

465 

286 

256 


2.25 
298 
209 


1.90 
2320 
132.5 
30 


1.35 
232 
202 


1.75 
103 
2290 
143 


1.40 


495 
1051 


255 
410 
415 


1068 126 


labeled iodoprotein, no activity is detectable 
in cornea or aqueous. 
Tyre B 

In the experiments on intracorneal injec- 
tion the greatest amount of the injected ma- 
terial is recovered in the aqueous after 20 
minutes. Irrespective of the variation in 
osmotic strength of the solution applied to 
the epithelial surface the amount recovered 
in this solution is less than 10 percent of the 
injected dose. This is true of sodium (fig. 
5), iodide (fig. 6), and phosphate (table 2). 

The difference between the sum of the 
corneal, aqueous, and supernatant figures 
and 100 percent is only in part accounted for 
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_ 1.75 1.80 2.00 
| 0.07 0.16 0.64 0.41 
3.9 0.09 
0.45 0.30 0.14 0.46 O.84 1.12 
0.23 0 0.38 0.25 
0.17 0 0.28 
0 
2.25 
4.7 
2.8 
is g. 
825 237 
248 71 
58 
PY 686 655 385 126 114 
|| 476 | 178.5 421 
357 148 
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by diffusion to the posterior segment. An 
additional quantity must be accounted for 
by loss from the anterior chamber by aque- 
ous outilow (see experiments of type C); 
the slope of the outflow curve is particularly 
steep for the first 20 minute period. 

It should be noted that in the sodium ex- 
periments one is labeling a substance which 
is already present in large quantity whereas 
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in the case of the other ions there is no large 
amount of material already present. This 
seems to make little significant difference in 
the final results. However, it is difficult to be 
quite certain of the amount of mixing which 
takes place during the time of the experi 
ment. For this reason results have been ex- 
pressed in terms of the original dose only 
without reference to any additional sodium 


TABLE 2 


DISTRIBUTION OF INORGANIC IONS 


lime: 20 minutes 


\. lodide 
Injection consisted of: 1 mm. solution containing 1 
Total I 
0.9% 
8% 
29.8% 
2.5% 
11.3% 
18 6% 
5.3% 


Osmotic equiv. as g. NaCl/100 ce. 
\queous 


Corneal Plug 


\pplied Solution 


B. Sodium 
Injection consisted of: 1 mm. solution 


% Total 
0.65% 
30.1% 


Osmotic equiv. as g. NaCl 100 ce. 


\queous 


Corneal Plug 12.4% 


\pplied Solution 8.62% 


Corneal Ring 2.93% 


Phosphate 
Injection consisted of: 1 mm. containing 3.14 we 
% Total 
0.8% 
25.6% 
40.1% 


Osmotic equiv. as go NaCl 100 ce, 


\queous 
Corneal Plug 31.8% 


\pplied Solution 


Corneal Ring 


AFTER INTRACORNEAL INJECTION 


2.8 we. | (0.097 wmol.) made isotonic with NaCl 


Jose 


wh 


containing 4.8 wg. (0.082 wmol.) Na 
Dose 
0.9% 


37.5% 


16.7% 


6.7% 
4.006% 


. (0.033 pmol.) PO,; made isotonic with NaCl 


1 


or 
1.6% 
36.8% 


33.9% 


pe 
.35 


41.4% 
43.9% 


42.0% 


0.165% 
0.193% 


1.35% 1.6% 0% 
22.2% 30 0% 
35.3% 31.2% 8% 
6.5% 
5.8% 7.2% 7% 
8.0% 2.8% 5% 
5.6% 2.1% .6% 
2.2% 
47.6% 
47.0% 
6.58% 
15.94% 
8.57% 2.45% 8.53% 7.43% 
29.3% 
1.46% 
2.0% 
33.7% 31.0% 44.3% 
35.2% 48.8% 
41.6% 
34.0% 
19.9% 28.0% 26.7% 
35.3% 
31.4% 
222% 
7 
6.30% 9 0% 1.39% ; 
5.6% 
1.48% 
2.08% 3.9% 2.47% 3.24% 3.4% 
2.72% 2.3% 1.93% 3.1% 
3.3% 
3.7% 
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which may have been labeled. Relative fig- 
ures will not be affected by this but it should 
be borne in mind that absolute figures are 


considerably higher. 


3 TOTAL DOSE=3.88 4g Na 
in 1 mm3 
2 TIME = 20min 


Mg% NaCl IN APPLIED SOLUTION 


Fig. 5 (Potts). Outward and inward diffusion 
of Na*™ injected intracorneally 
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Vig. 6 (Potts). Outward and inward diffusion 


of injected intracorneally. 


Here, too, when radioactive iodoprotein 
is injected intracorneally by this technique, 
only a negligible number of counts is de- 
tectable in either the aqueous or the applied 
solution. In both the case of the inorganic 
ions and the labeled protein, the corneal outer 
ring concentration never exceeds 25 or 30 
percent of the amount left in the center plug. 


Tyre C 

In this type of experiment the rate of out- 
flow appeared to follow the expected loga- 
rithmic form except that a sharp change in 
slope occurred at about 20 minutes in the 
case of each ion tested (sodium, Figure 7; 
phosphate, Figure 8; and iodide, Table 3). 
The early part of the experiment is compli- 
cated by the fact that diffusion throughout 
the anterior chamber is not complete for 
five to 10 minutes. A trial run with 1.0 mm.* 
of 2.0 percent sodium fluorescein shows an 
irregular pattern of diffusion whose outline 
appears as shown in Figure 9. Two eyes are 
shown here and the variation between the 
two is typical. 


fy 

TOTAL DOSE - 2mm? conlg: 
NaCl~.246.amol. 


12 24 36 


MINUTES 


Fig. 7 (Potts). Na® exchange after injection 
into anterior chamber. 
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When the outflow figures are calculated as 
2 moles per gm. (or ce.) and plotted on 
linear coOrdinates (fig. 10, fig. 11, table 3), 
the concentrations of aqueous and cornea are 
seen to approach each other and, although in 
the case of sodium they never actually be- 
come equal, in the case of phosphate and 
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Discussion 


The results in the external application 
experiments (type A) indicate that the 
osmolar concentration for minimum corneal 
permeability is equivalent to 1.35 percent 
sodium chloride and above. One may assume 


that the lower osmotic concentrations cause 
sufficient damage to the corneal epithelium to 


iodide these concentrations are virtually 
identical after 30 to 40 minutes. 


TABLE 3 
DISTRIBUTION OF INORGANIC IONS AFTER INJECTION INTO ANTERIOR CHAMBER 


A. Sodium 
Total dose: 1 mm.* containing 7.1 wg. =0.123 umol. 


lime 4 min. 10 min. 20 min. 30 min. 60 min. 90 min. 120 min. 
\queous 71.3 49.7 54.0 37.1 24.3 9.36 7.7 
% total dose 77.3 46.5 18.9 
73.0 
Aqueous 0.702 0.488 0.532 0.365 0.239 0.092 0.076 
pmol. ‘cc. 0.760 0.457 0.186 
0.718 
Corneal Plug 4.95 4.58 2.70 2.81 1.60 0.53 1.00 
% total dose 5.04 3.05 1.48 
3.04 
Corneal Plug 0.403 0.303 0.218 0.209 0.127 0.037 1.107 
0.219 0.256 0.046 
0.369 
Corneal/Ring 3.38 1.95 1.84 2.18 0.914 0.468 0.588 
% total dose 3.07 2.55 0.965 
1.68 
Corneal / Ring 0.299 0.174 0.181 0.194 0.088 0.038 0.052 
pumol./g. 0.313 0.244 0.082 
0.092 
B. Phosphate 
Total dose: 1.9 mm.’ containing 91 wg. 0.95 equivalent , 
lime 4 min. 10 min. 20 min. 30 min. 60 min. 90 min. 120 min. 
Aqueous 53.0 68.6 29.9 25.7 18.05 18.6 8.38 
% total dose he 5.41 
47.6 15.0 
78.0 
Aqueous 0.180 0.261 O.114 0.163 0.0572 0.0590 0.0318 
umol./g. 0.465 0.0171 
0.296 0.0475 
0.191 
Corneal Plug 0.83 2.16 5.33 3.5 3.65 2.73 4.15 
% total dose 1.10 1.47 
0.56 1.09 
0.42 
Corneal Plug 0.0235 0.0595 0.147 0.099 0.108 0.0620 0.097 
pmol. /¢. 0.0271 
0.0156 
0.0122 
Corneal Ring 6.4 4.17 2.6 4.3 5.1 3.0 4.68 
% total dose 1.15 2.82 
2.65 1.31 
1.78 
Corneal Ring 0.092 0.092 0.050 0.076 0.086 0.038 0.073 
pmol. /g. 0.0164 
0.053 
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C. Iodide 


TABLE 3— (continued) 


Total dose: 1 mm.* containing 6.88 wg. 1 =0.052 umol. 


Time 4 10 20 30 
min. min. min. min. 

Aqueous 76.3 45.0 26.8 27.3 
% total dose 70.0 20.9 11.0 
10.9 14.4 


Aqueous 0.094 0.0: 


umol./cc. 
Corneal Plug 48 
% total dose 


Corneal Plug 
umol./g. 
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Fig. 8 (Potts). P®O, exchange after injection 
into anterior chamber. 


allow increased penetration of the ions in 
question. Thus these results agree with those 
of Massart and Nakamura and the recently 
published contact-lens experiment of Kin- 
sey’? that the precorneal tear film is hyper- 
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Fig. 9 (Potts). Diffusion of fluorescein 
injected into anterior chamber. 


tonic and equivalent osmotically to a 1.35 
percent NaCl solution. 

In the choice of optimal osmotic concen- 
tration for medication, one must compromise 
between desired penetration corneal 
damage. One knows that minimum penetra- 
tion of ionized substances occurs at 1.35 per- 
cent sodium chloride equivalent and above 
and, if adequate amounts of medication 
penetrate the eye under these conditions, 
ophthalmic solutions of such medications 
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Fig. 10 (Potts). Loss of Na"Cl from 
anterior chamber 


should be made up to this osmolar strength. 
If greater penetration is desired, it may be 
the 
damage by using a solution hypotonic to the 


obtained at expense of some corneal 
figure just quoted. 

The results of the corneal injection experi- 
ments (type B) indicate that a relatively very 
small number of the injected ions enter the 
solution applied to the anterior corneal 
surface. This is parallel to the outside-in 
permeability of the corneal epithelium and 
remarked in the first of this 


Was paper 


series,’ 

As already noted, the bulk of the labeled 
ions move through the endothelium into the 
aqueous. There is little tendency for the in 
jected material to move centrifugally in the 
cornea, as it must do if there were a re- 
entrant circulation of inorganic salts. The 
fact of transfer of most of the material into 
the aqueous does not alone indicate that there 
is a net transport of salts from cornea to 
aqueous as a continuous mechanism. The 
same result could be achieved by simple 
diffusion, for labeled ions are only present 
on one side of the cornea. 

When, however, one takes into account the 
rapid entrance of ions from the blood to the 
cornea and the lack of tendency for diffusion 
peripherally in the cornea, such an active 
transport likely. This 
would be a solution to the problem of what 


mechanism seems 


becomes of the corneal salts. 
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Fig. 11 (Potts). Loss of P"O, from 
anterior chamber. 


We believe that the failure of labeled pro 
tein to leave the cornea in significant quanti- 
ties is adequate demonstration of the me- 
chanical integrity of the endothelium. The 
relatively rapid rate of diffusion of protein 
in ocular structures where no membrane 
exists has been demonstrated previously."* 

The findings of the type C 
tend to throw some question on the active 


experiments 


transport of ions from cornea to aqueous as 
against simple diffusion in both directions. 
That there is penetration of the endothelium 
by salts in the aqueous is beyond question. 
The apparent equilibria demonstrated in 
Figure 11 and Table 3 after 30 or more 
minutes indicate that simple diffusion may 
actually be taking place. However, it should 
be noted that with sodium, equilibrium is 
never attained and with the other ions it is 
reached only at low levels when most of the 
injected material is gone. A differential rate 
of transport from cornea to aqueous as 
against aqueous to cornea may exist, but 
further experiments are required to decide 
this point. 

Any help that mathematical treatment 
might give is clouded by the question of 
mixing. In experimental types B and C the 
question of mixing is an important one. As 
is seen in Figures 7 and 8 the outflow rate 
after 20 minutes is close to the expected 
exponential function, but mixing irregulari 
ties as shown in Figure 9 obscure the early 
relationships. For this reason applying a 


mathematical formulation to events of the 
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first 20 minutes could very well be mislead- SUMMARY 


ing, and a more useful approach is the em- . ; 
Per 1, Experiments have been reported which 
pirical investigation of a suthciently large 
demonstrate the rate of transfer of inorganic 
number of eyes to give reliable results. 
ions across the corneal epithelium and endo- 
At this point we do not feel justified in Ee 
thelium in both directions. 
postulating active transport of inorganic salt 2 aoe 
2. Results of these experiments indicate 
(and accompanying water) from cornea to 
: that in agreement with previous work the 

aqueous. However, we have demonstrated 


. corneal epithelium has low permeability to 
the relatively rapid transfer of inorganic . 


inorganic salt in both directions. 


ions across the corneal endothelium, particu- 3 


In contrast to this the corneal endo- 
larly in the cornea-aqueous direction. This is 
thelium is relatively freely permeable to 
incompatible with the Cogan-Kinsey theory "aay : 
tj salts, certainly from cornea to aqueous and 
as it is now formulated. 
vossibly from aqueous to cornea. 
The corneal epithelium is truly a mem- 
4. These findings require revision of 
brane poorly permeable to salts in both direc- , 
presently accepted theories of corneal de- 
tions but the endothelium is not such a mem- hs; ‘ 
hydration mechanisms. 
brane. It is hard to believe that the normal 
quate to maint 5. The osmotic concentration which does 
ow of tears is adequate to maintain detur- ae a ; 
‘ least damage to the corneal epithelium is 
gescenece alone, If the endothelium proves to 
ble t It equivalent to 1.35 percent sodium chloride. 
equally permeable to salts and water in... 
by inference is the tonicity of tears. 
either direction one will be hard put to it to , ’ 
explain corneal deturgescence on any theo- Western Reserve University (6). 
retical basis. At the moment further gen 
eralization must await additional experi- I wish to thank Miss Doris Goodman for the 


mental results. illustrations and graphs in this paper. 
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(Boston): Dr. Potts was 


COGAN 
good enough yesterday to brief me as to his gen- 
eral thesis, and | think he and | both wound up by 
being somewhat confused by two seemingly clear 
bits of experiments that would indicate opposite 


Dre. Davin G 


conclusions 

In the first place, his studies have indicated that 
the endothelium is relatively freely permeable to 
sodium and to other ions, and the technique he uses 
would suggest that there isn’t any real evidence 
that he damages the endothelium by his procedure. 

One might raise the objection that the injection 
of labeled albumen is an insufficient test, if it is 
done in 20 minutes, because the limiting factor 
may be the diffusion rate of albumen in the cornea. 
It might be worthwhile checking that further with 
some more readily diffusible dyes or something that 
has a diffusion rate similar to that of electrolytes. 

There is no real evidence, however, that the endo- 
thelium is damaged, and yet it appears to be perme- 
able to these ions in both directions in the living 
animal. The experiments Dr. Kinsey and I did on 
enucleated eyes indicated that the epithelium is im- 


permeable to electrolytes, as Dr. Potts has also 
shown. 
The endothelium is less readily amenable to 


experimentation, in that one can’t excise a cornea 
and put it on the end of a tube without damaging 
the endothelium. If you touch it with your finger 
the endothelium comes off and a slight trauma is 
devastating, so it can’t be subjected to the same 
experimental technique 

We used the whole eye, however, by putting a 
tube on the surface of the cornea, in a watertight 
manner, and then putting a cannula into the an- 
terior chamber through the posterior portion of the 
eve. The epithelium was removed purposely but 
care was taken not to traumatize the endothelium 
since the stroma and Descemet’s membrane were 
known to be freely premeable, we were able in this 
way to test the barrier properties of the endo- 
thelium 

We found that water was transferred into the 
eye regularly as long as the fluid in the anterior 
chamber was hypertonic to that in the cornea. No 
net water was transferred when the endothelium 
was removed. That indicated that the endothelium 
was the effective semipermeable membrane with 
respect to sodium chloride, for the enucleated eye. 

Dr. Potts’s observations and ours seem to be con- 
tradictory. Our experiments were done on_ the 
enucleated eve, and his were done on the living eye, 
but the results one would expect in the enucleated 
versus the living eye are just the opposite of what 
occurred. One could readily conceive that a mem- 
brane would be impermeable during life, and then at 
death would lose its barrier properties and become 
freely permeable, but the opposite is here the case 

Dr. Potts finds that the membrane in the living 
animal is readily diffusible, and we find in the 
enucleated eye that it is impermeable. I think it is 
clearly a contradictory set of experiments, and it 
will be very interesting to find out in future studies 
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DISCUSSION 


They are both 
simple, straightforward experiments which anyone 
can repeat, and we hope they will be repeated. 


what the explanation of this is. 


Dr. Lupwic voN SALLMANN (New York): Does 
Dr. Potts think that the local anesthetic used could 
have changed the permeability of the endothelium ? 
Dr. Cogan used no local anesthesia in his experi- 
ments. May I ask what compound was used for this 
purpose in Dr. Potts’ experiment ? 

Another question is whether the intracorneal in- 
jection of even a small quantity of fluid with a 27- 
gauge needle does not alter the permeability of the 
endothelium in view of the considerable trauma it 
inflicts upon this structure. 


Dr. Porrs: These animals were under nembutal 
anesthesia. That cannot be avoided. We did some- 
times use local anesthetics, and we found no dif- 
ference in the results between using a small amount 
of local anesthetic and using none. 

Ordinarily the nembutal was adequate to take care 
of the situation. For this reason the nembutal effect 
may be a very real one; and that we can’t avoid, 
although using a living animal is different from 
using an enucleated eye. I don’t quite know how to 
keep an applicator on the cornea for 20 minutes 
without some type of anesthesia. 

As far as the trauma is concerned, I would ex- 
pect to see large quantities of material, even of the 
injected protein, enter the aqueous if trauma oc- 
curred. I should have mentioned that an occasional 
accident happens, and there is no question about the 
accident when it occurs, because the content of the 
corneal plug is zero or virtually zero. The content 
of the aqueous 1s also much higher in these experi- 
ments 

Such accidents are very easily detected ; they rep- 
resented perhaps one twentieth of all the eyes done, 
and had to be discarded. 

The authors wish to thank Dr. Cogan for his 
many helpful comments. A number of his sugges- 
tions will be employed in an attempt to reach a 
solution of our discrepant results. 


Dr. CoGan: Pursuing the possibility that trauma 
does in way have something to do with re- 
sults, I would like to suggest that you repeat the 
experiments and, instead of injecting into the 
cornea, remove the epithelium and put the cup 
with the solution on the surface of the eye, and 
then test the aqueous. It is possible that the injec- 
tion in some way does damage the endothelium. 

Is it possible that the tonicity of the fluid you 
inject is hypertonic to that of the aqueous? That 
would damage the endothelium. What was the 
tonicity ? 

Dr. Potts tells me he is going to try another ex- 
periment in which he will compare his results with 
the same experiments in which the endothelium has 
been purposely removed beforehand. 


some 


Dr. Potrs: The tonicity was adjusted to 0.9 
percent. 


DIRECTION SENSE OF THE EYE* 


Lupvicu, Pu.D. 
Detroit, Michigan 


For almost a century the remarkable ac- 
curacy of what Bourdon’ has called the 
direction sense of the eye has been known. 
The tests of this so-called sense are, in fact, 
tests of the perception of relative direction. 
Thus, in the alignment or vernier test the 
lower of two lines is stated to be situated 
to the right or to the left of the upper line 
and the displacement necessary to permit 
such a statement to be correct is a measure 
of the accuracy of the perception. 

Similarly, in the contour break test the 
lower edge or contour is perceived as to the 
right or to the left of the upper one. 

In stereoscopic vision, a similar percept of 
direction is involved, but here, as in the 
Howard-Dolman test, for example, the lower 
line is perceived to be closer to or farther 
away from the observer than is the upper 
line. 

If, however, during the performance of 
the Howard-Dolman test, the left eye be 
situated in the vertical plane passing through 
the two rods, then the resultant perception 
of depth, which is not substantially impaired 
under these conditions, is entirely dependent 
upon an alignment or contour break test 
presented to the right eye. 

In all these tests it can be shown that, 
under favorable conditions, an angular dis- 


crepancy of two seconds of are may reliably 
be perceived and discriminations of the order 
of one second of arc, or even somewhat less, 
may occur with a frequency inexplicable on 
the basis of chance. 

Since an average size human foveal cone 


subtends about 30 seconds of are at the 
nodal point of the eye, and since even the 
smallest cones subtend about 12 seconds of 
arc,” it has long been apparent that this type 
of acuity or direction perception is not 
limited, as Snellen acuity or two-point dis 


*From the Kresge Eye Institute. 


crimination may be, by the width of a retinal 
element. 

Efforts have been made by Hering,’ Bour- 
don,* and Cowan,® among others, to explain 
perception accurate to fractional cone widths, 
but explanations of this type have failed 
when consideration is taken of the fact that 
the accuracy of these tests is substantially in- 
dependent of slight variations of orientation 
from the vertical, that diffraction and aber- 
ration produce a blur disc the angular diam- 
eter of which is of the order of two minutes 
of are on the retina® and that the eye is in a 
constant state of tremor.” * 

The presently prevailing hypothesis is that 
of Anderson and Weymouth.* Their ex- 
planation is illustrated by Figure 1. The 
circles represent foveal cones, the dark area 
to the left is the edge of a line. This dark 
edge may move from position A to position 
B as a consequence of the fixation tremor 
of the eye. 

Some, but not necessarily all, of the cones 
between the lines A and B or touching them 
may be stimulated. The position of the cones 
stimulated is then averaged and the position 
of the edge is taken to be at the line M. To 
this percept of the line M, Anderson and 
Weymouth give the name “retinal mean local 
sign.” 

They point out that, just as a measurement 
may be made accurate to a fraction of an 
inch, even though the measuring rule may be 
read only to the nearest inch, by taking re- 
peated measurements and averaging them, so 
the mean local sign may be found with an 
error substantially smaller than the width of 
a cone, 

It is emphasized that, in order to obtain 
an accurate average, a large number of cones 
must be involved, and it has been shown 
that, if the length of contour’® or length of 
line or length of rod® be made to subtend 
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\ graphic explanation of the 
Anderson and Weymouth 


Fig. 1 (Ludvigh) 
hypothesis of 


a small retinal angle, the performance 
seriously deteriorates. 

Further possible amplifications of the 
Anderson-Weymouth hypothesis, such as as- 
suming that the retinal elements involved 
are on-off elements operating at borders 
only, “neural peaking,” and reliance upon the 
expansion or magnification of the retinal 
image in the cortex by reason of the diver- 
gence of the pathways on the way to the 
visual cortex make the hypothesis more 
tenable. 

Bourdon found that a test object consist- 
ing of three short vertical lines separated by 
two short vertical gaps could be aligned with 
high accuracy. 

In the present experiment, the lines have 
been contracted to dots of light, the angular 
separation of the top and bottom dots has 
been varied, and the accuracy with which the 
middle dot could be aligned with the other 
two has been determined. 


Figure 2 shows the accuracy of perform- 
ance of one observer* on this test at the 
75-percent correct level as tested by the 
classical method of right and wrong cases 
with forced guesses. Each point is based on 
96 observations, the duration of each ob- 
servation was five seconds or less. Observa- 
tions were taken monocularly and Snellen 
acuity was 20/15. The height of bar repre- 
sents two probable errors at each point. 

On the x axis is plotted the angular sepa- 
bottom dots 
minutes of are at the nodal 


ration between the top and 
measured in 
point of the observing eye. On the y axis 
is shown the lateral displacement in seconds 
of are of the central dot necessary to pro 
duce 75-percent correct judgments. 

It can be observed that, when the sepa 
ration of the two dots is 10 to 20 minutes 
of arc, a lateral displacement of approxi 
mately two seconds suffices to produce 75 
percent correct judgments. The odds against 
75-percent or more correct judgments out 
of 96 occurring by chance are approximately 
four million to one. The odds against even 
63-percent correct judgments occurring by 
chance are in excess of one hundred to one 
and 63-percent correct judgments are ob 
tained with a displacement of about one sec- 
ond of are. 

If a foveal cone be 
40 seconds of are at the nodal point of the 
eye, then this result means that a retinal 
image displacement of one fortieth of a cone 


assumed to subtend 


width can be perceived when the two refer- 
ence images on the retina are separated by 
30 cone widths. 

If one wishes to assume that the smallest 
central foveal cones might subtend as little 
as 10 seconds of arc, then one tenth of a 
cone width on the retina can be perceived 
when the reference images are 120 cone 
widths apart. 

Furthermore, as the angular separation of 


*A second observer gave substantially similar 
results which are omitted in order to simplify the 


figure. 
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Fig. 2 (Ludvigh). Accuracy of performance of one observer on the test. 


the reference dots is increased from 2.5 min- 
utes to 20 minutes of are the discrimination 
improves from 10 seconds to two seconds of 
arc, although no greater number of cones 1s 
stimulated in the latter instance than in the 
former. 

If an hypothesis can be found to explain 
the high degree of accuracy of this three-dot 
alignment test, as well as its improvement 
with increasing separation of the reference 
dots, then such an hypothesis would pre- 
sumably also be adequate to account for the 


improvement of the contour break, venier 
and depth perception test with increasing 
height of line. 

Furthermore, since the accuracy of the 


three-dot alignment cannot be explained in 
terms of averaging the mean position of a 
statistically large number of cones, it seems 
likely that this hypothesis does not, in fact, 
for the of the contour 


account accuracy 


break, vernier, and stereoscopic tests. 

Even the assumption of perfect neural 
peaking and a 10,000-fold areal expansion of 
the fovea in the visual cortex still leaves the 
problem unsolved. If the cortical elements 
involved are taken to be as small as cones, a 
displacement of one second would now corre- 
spond to a width of two cortical elements. 

Perfect neural peaking would result in one 
cortical element being stimulated rather than 
the 30,000 which aberration, diffraction, and 
fixation tremor would stimulate in the ab- 
sence of peaking. However, the problem 
would remain as to how the displacement of 
two cortical elements could be perceived 
when the reference dots stimulated cortical 
points 300 cortical elements apart. 

It is difficult to see 
presented can be accounted for other than in 


how the data here 


terms of a field theory of some type. 
090 Mullett Street (26). 
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DiscussION 


Dr. Huco Bair (Rochester, Minnesota) : I think 
Dr. Ludvigh’s paper certainly presents a problem 
to us, not only with reference to ordinary monocular 
perception but with reference to binocular percep- 
tion also. 

Undoubtedly, there is a relationship of some sort 
between stereopsis and monocular displacement or 
vernier acuity. When the perception is binocular one 
can theoretically say there may be a distinction that 
is brought about by virtue of the stimuli going 
through the two eyes; but in the present case the 
phenomena are entirely monocular. 

“Direction sense” is not a good term to describe 
this, vet I can think of none better. It certainly 
is not “acuity” in the sense of the two-point limen 
of the skin. It is acuity in a more general sense. 

As Dr. Ludvigh mentioned, the explanation may 
resolve itself into some sort of field theory. I am 
not competent to try to discuss that, but at least 
that would seem to place it beyond the level of 
retinal function itself. 

I did experiments some time ago on the ordinary 
contour-break phenomenon, on resolving power, and 
on the minimum visible thin black line, and found 
the same sort of behavior; namely, that the acuity 
increased as a definite function of the length of 
the lines. 

To explain the contour-break phenomenon, one 
might invoke the same idea that Anderson and 
Weymouth had ; that is, some sort of mental averag- 
ing of the positions of the contours; but actually the 
contour-break itself should not be affected by such 
a process. The same thing holds for vernier acuity. 

I think this is an interesting paper, and certainly 
should stimulate further investigation along similar 
lines. 


Dr. Lupvicn: I agree with Dr. Bair that the 
direction sense is an inappropriate name. That is 
what Bourdon called it in his “La perception visuelle 
de lespace.” 

The tests of this so-called 


sense” are in fact 


the tests of the perception of relative direction. In 
other words, it is really a percept rather than a 
sense, and this very high accuracy, of course, is a 
relative one only. One’s knowledge of the absolute 
location of an object in space is, of course, ex- 


tremely fallible as compared to the accuracy with 
which this relative direction can be ascertained 


Dre. H. L. Unperwoopo (Vancouver, Washing- 
ton): I was at the Hazelhurst Research Laboratory 
on Long Island during the First World War while 
the Howard-Dolman depth-perception test was 
being worked out. The problem was that, since 
stereopsis is an aid to the flyer, a better test than 
using a sterescope to rate depth-perception should 
be developed. The standard in the aviation service in 
1918 depended upon the use of the stereoscope and 
the German slides. 

As a result of that research, that method gave 
way to the Howard-Dolman depth-perception test 
They found it advisable to exclude the element of 
distance as derived from consideration of motion 
parallax and variations in size due to distance; 
therefore they covered both the lower and upper 
extremities of the two pencils used in the test, in 
order that they might depend entirely upon stereop- 
sis and alinement. 

Distance was taken at 20 feet, the subject himself 
performing the manipulation and bringing the tar 
gets to an equal distance by means of cords attached 
to the movable target bases. 

The objective was to make a test of the flyer’s 
capacity for prompt and accurate estimate of dis- 
tance and to exclude or accept him, the rating being 
an error of 5.0 mm. for excellent; 8.0 to 12, aver- 
age; and 15 maximum, allowable. The standard may 
have been changed since. It seemed to me that it 
was a useful test at the time and more effective 
for our purposes than the use of the stereoscope 
alone, in that it more nearly simulated flying con- 
ditions. 

The element of psychic interpretation comes into 
consideration of visual judgment, as well as “ex- 
perience” factors: namely, parallactic and dimen- 
sional changes during motion, which were, as 
stated, excluded purposely. However, these are use- 
ful, and, in one-eyed subjects, essential. 


Dr. KenNnetu (Rochester, Minnesota) : 
Were you using black dots against a white back- 
ground? 
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Dr. Lupvigu: No; these were white dots against 
a black background. In fact, it consists of small 
drill holes in three brass plates. These subtend at 
the nodal point of the eye three seconds of are at 
a distance of 71 feet, which is the distance at which 
the test is conducted. The central dot also consists 
of a hole illuminated by a fluorescent lamp from 
the rear. This hole is in a brass plate 

The brass plate is displaced by means of a spring- 
loaded lead screw. The apparatus is calibrated by 
putting a Western Union light source, 0.003 inches 
in diameter, behind the entire assembly, projecting 
it up 50 times, and then measuring up to determine 
where the zero actually is. 


Dr. Octet: These dots were seen against a fairly 
black background ? 


Dr. Lupvicu: Yes. 


Dr. OGLE: So the image would be comparatively 
large? 


Dr. LupvicgH: No question about it. There is a 
substantial diffraction disc. 


Dr. Ocie: There would be at least seven or eight 
retinal elements involved in this judgment? 


Dr. Lupvich: There are numerous retinal ele- 
ments being stimulated, no doubt, by each dot; but 
substantially no more when the dots are separated 
by 50 minutes of arc than when they are separated 
by five. 


Dr. Ocre: You didn’t try changing the intensity 
of the background so that you reduced the contrast, 


to reduce the size of the blur on the retina and 
therefore involve fewer retinal elements? 


Dr. Lupvign: No. This was all done at sub- 
stantially high brightness. If I were to reduce the 
brightness, | would decrease the effective radius 
of the diffraction disc somewhat, of the aberration 
disc substantially. There would not be much you 
could do about the fixation tremor except to shorten 
the exposure, and when you do that peculiar things 
happen. 


Dr. K. W. Ascuer (Cincinnati, Ohio): Did I 
understand properly that the vernier acuity increases 


when the length of the lines compared increases ? 


Dr. Lupvicu: Yes. Dr. Bair tells me he has done 
it for the contour break, I have done it for the 
vernier acuity, and Anderson and Weymouth have 
done it for stereopsis. In each instance the ac- 
curacy improves as the length of the line increases. 


Dr. Ascuer: It is possible that the length of the 
exposed line influences the physiologic nystagmus 
of the eye in the sense of fixating the eye more 
properly if a longer line is exposed, as compared to 
the fixation enforced by fixation of a shorter line? 


Dr. Lupvicn: Dr. Adler has done some experi- 
ments on fixation tremor with varying lengths of 
line. In his absence my recollection is that he finds 
that the fixation tremor does decrease somewhat in 
amplitude as the fixation target is made more suit- 
able. That is a potential factor in the contour-break 
alinement and stereoscopic test, but it can’t account 
for this three-dot test. 


CATARACTS CAUSED BY CARBOHYDRATES* 


Joun W. Parrerson, M.D. 


‘leveland, Ohio 


High blood levels of glucose,"** xylose,’ 
or galactose’ * produce cataracts. In order 
to obtain the high levels necessary for the 


production of cataracts the physiologic mech- 


anism for utilizing or excreting these sub- 
stances must be overloaded. In the case of 
glucose, this is accomplished by producing 
diabetes and in the case of xylose and 
galactose by feeding diets which contain ex- 
cessive amounts of these sugars. 

Cataracts produced by glucose, galactose, 


*From the School of Medicine, Western Re- 


serve University. 


or xylose are qualitatively similar. They are 
alike in appearance® and their development is 
affected in the same manner by age. Thus, 
the younger the animal the more readily 
diabetic cataracts,’ and galactose cataracts* 
develop. This is apparently also true of 
xylose cataracts for this type has only been 
produced in very young rats.** 

Galactose and xylose’® are accepted as pro- 
ducing cataracts by some mechanism related 
to the high blood sugar. However, the mech- 
anisms proposed for the production of 


diabetic cataracts are more varied. Since 
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hyperglycemia, acidosis, neoglycogenesis, 
lack of insulin, and deranged carbohydrate 
metabolism are all associated with diabetes, 
any one of these factors might be important 
in the production of cataracts. 

Since diabetic cataracts may be prevented 
by lowering the blood sugar with phlorizin,"' 
or with a high-fat diet,”'* the prime impor- 
tance of the high glucose level becomes evi- 
dent. Phlorizin does not improve any of 
these factors excepting the high blood sugar. 
Therefore, it would appear that glucose may 
act in a manner similar to galactose and 
lose. 

This paper is 
galactose and glucose cataracts by demon- 


concerned with relating 
strating that these substances may act in a 
synergistic manner and in presenting evi- 
dence that suggests a mechanism by which 
sugars may produce cataracts. 


EX PERIMENTAL 


Three groups of male Sprague-Dawley 
rats were placed on different regimes and 
followed with regard to the severity of their 
diabetes and the time required for cataract 
formation. The severity of the disease was 
estimated by averaging weekly blood-sugar 
determinations and the eyes of the rats were 
observed for cataracts daily as previously 
described.' 

A group of eight rats was given diabetes 
by injecting 40 mg. per kg. of alloxan mono- 
hydrate intravenously. These animals were 
then placed on a diet containing 20-percent 
galactose and 80-percent ground dog chow 
( Friskies) and maintained on this diet until 
cataracts developed. The other two groups of 
rats served as controls. 

One group of four rats served as the 
diabetic control. After the injection of al- 
loxan, these rats were maintained on a diet 
free of galactose. The second group of eight 
rats served as galactose controls for they 
received the 20-percent galactose diet but 
were not injected with alloxan. 

The diabetic rats that received 20-percent 
galactose developed cataracts in 35 to 60 


days with an average time of 46 days and a 
standard deviation of eight days. The dia- 
betic controls required 61 to 77 days or an 
average of 66 days, with a standard deviation 
of seven days for cataract formation. 

The eight galactose controls were followed 
for 84 days and at this time 50 percent of 
the rats had not developed cataracts. How- 
ever, four rats developed cataracts in 64 to 
76 days. If, for the sake of calculation, the 
four galactose control rats that did not 
develop cataracts were assumed to have cata- 
racts at 84 days, the average time becomes 
75 days with a standard deviation of 11 days. 

The diabetic rats that received 21)-percent 
galactose developed cataracts significantly 
sooner than The P 
value when compared with the controls was 
less than 0.0001 in each case (fig. 1). 

It was postulated that high carbohydrate 
levels produced their effect by blocking the 
cellular absorption of some essential metab- 
olite.’ ** This could be the result of com 


either control group. 


petition for cellular energy or a limiting 
enzyme system. Since phosphates'* and 
ascorbic acid were known to compete with 
glucose for absorption, supplements of these 
substances were administered to determine 
their effect on the development of cataracts. 

Eight rats weighing between 114 to 150 
gm. were injected with alloxan and given 
potassium-phosphate buffer containing 0.42 
gm. of phosphate per 100 cc. at pH 7.0 to 
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Fig. 1 (Patterson). Effect of 20-percent galactose 
diet on development of diabetic cataracts. 
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drink in place of their regular drinking 
water. They were maintained with this as 
the only source of fluid until cataracts de- 
veloped between 68 to 110 days. The time 
averaged 81 days with a standard deviation 
of 13 days. 
Compared with 
diabetes’ there was no significant 


animals with equally 
severe 
delay in cataract formation (fig. 2). 

Seven rats weighing 168 to 202 gm. were 
injected with alloxan and subsequently in- 
jected intravenously twice each week with 
200 mg. per kg. of dehydroascorbic acid. 
This substance penetrates cells rapidly and 
is reduced to ascorbic acid, producing a 
marked increase in the cellular level of this 
compound."? During this period, the average 
blood sugar, determined before an injection 
of dehydroascorbic acid, was 565 mg. per 
100 ce. 

After cataracts had developed in 75 to 103 
days with an average of 81 days and a stand- 
ard deviation of nine days, the injections 
of dehydroascorbic acid were stopped and 
the blood sugars were determined over a 
period of weeks, 

During this period the average dropped to 
476 mg. per 100 ce. Since the P value for 
this change was less than 0.05 it indicated 
that the diabetes was more severe during the 
injection period. Increasing the ascorbic acid 
level of the cells in this manner did not 
significantly delay the appearance of cata- 


racts (fig. 2). 
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Fig. 2 (Patterson). Effect of phosphate and de 
hydroascorbic acid on cataract development 
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Fig. 3 (Patterson). Effect of supplemental feeding 
on development of galactose cataract. 


lf, as postulated, high blood-sugar levels 
blocked the cellular absorption of some 
essential metabolite, and if this metabolite 
was only available to the cell at the times 
when the blood sugar was elevated, then one 
should not expect to prevent cataracts and 
thus demonstrate the nature of this substance 
unless it was provided when the blood-sugar 
values were normal. 

This would be especially true if the cell 
had a much stronger affinity for sugar than 
for the To test this 
reasoning and to obtain evidence that cata- 


unknown substance. 
racts resulted from a metabolic deficiency 
the following experiment was tried: 

Two groups of rats weighing 55 to 134 
gm. were placed on identical regimes of 
35-percent galactose plus 65-percent ground 
chow. This was given to the rats on Sunday, 
Monday, Wednesday, and Friday. These 
animals ate 20 gm. a day. 

On Tuesday, Thursday, and Saturday, 
however, the rats were treated differently. 
One group of four rats received 20 gm. of 
normal chow on these days and the other 
group of four rats was starved. The results 
have been summarized in Figure 3. 

The water consumption followed the food 
intake and the urine volume in turn followed 
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the water intake. The reducing sugar in the 
urine was related roughly to the galactose in 
the diet. However, the starved animals spilled 
slightly more sugar than the rats that were 
fed the diet. The 
gained reflected the caloric intake. 


supplemented weight 
The rats receiving the supplemented diet 
did not develop cataracts, whereas, the rats 
receiving the same amount of 35-percent 
galactose without any supplement developed 
cataracts in 37 to 45 days with an average 
of 40 days and a standard deviation of three 
days. 
Discussion 


Since the lowering of the blood sugar of 
diabetic rats with insulin,"*"* a high-fat 
diet," a high protein diet,"* or phorizin™ 
prevents or delays cataract formation, it 
seems probable that the high level of glucose 
is the important etiologic factor in the de- 
velopment of diabetic cataracts. This places 
diabetic cataracts in the same category with 
those produced by galactose and xylose. The 
fact that glucose and galactose act in a 
synergistic manner adds additional support 
to this viewpoint and indicates that a com- 
mon mechanism is involved in the produc- 
tion of diabetic and galactose cataracts. 

Preliminary results indicate that xylose 
acts in a fashion similar to galactose. These 
observations are very useful in that they 
allow for a broad approach to the problem 
of carbohydrate cataracts. Information which 
has been obtained with one type of cataract 
can be tentatively applied to all types and 
more freedom is gained in the designing of 
experiments. 

High carbohydrate levels may produce 
their effect as the result of an osmotic dis- 
turbance’® or a “toxic” state.’® If osmotic 
changes are involved, they should be related 
to the number of sugar molecules in the 
blood and independent of the structure of 
these sugars. This is not true in either 
respect. 

The time required for diabetic-cataract 
formation is essentially the same whether the 


level is 400 or 600 mg. per 100 ce." This is 
a 50-percent change in the number of glucose 
molecules and one would expect a difference 
in the time requirement if osmotic effects 
were paramount. 

There is no correlation between the blood 
sugar levels of galactose, xylose and glucose 
and their effectiveness in producing cata- 
racts.** This again is not in keeping with an 
osmotic mechanism for the molecular weights 
of glucose and galactose are the same and 
they should be equally effective when present 
in the same concentration. 

Some type of “toxic” state may, therefore, 
be responsible for the development of cata- 
racts. The term “toxic,” however, is not very 
definitive and is only satisfactory until a 
more explicit explanation is available. 

It is suggested that the “toxic” condition 
produced by high carbohydrate levels is a 
cellular metabolic deficiency.’ This may be 
the result of a saturation of cellular absorp- 
tive mechanisms by sugars so that other 
metabolites are lost to the cell. 

If this is true and if the sugars are ab- 
sorbed in preference to the other essential 
metabolites, then high carbohydrate levels 
provide a permanent block and the only way 
to prevent cataracts is to lower the blood 
level of the offending sugar. Similarly, the 
only way to determine what metabolite is 
being denied to the cell is to provide it at a 
time when the blood-sugar level is normal. 

It has been demonstrated that supplements 
provided in this manner will prevent galac- 
tose cataracts. Further experiments will be 
required to determine the specific nature of 
the essential metabolite and to discover the 
exact mechanism by which it is kept out of 
the cell. Since glucose, galactose, and xylose 
are absorbed with the aid of different en- 
zymes, it is difficult to see how any one of 
these sugars could saturate a common 
enzyme system. In the process of absorption, 
however, these sugars all require adenosine- 
triphosphate as a source of energy and phos- 
phate. It may be that this is the limiting 
factor. There is evidence to indicate that the 
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supply of cellular adenosinetriphosphate is 
related to the blood-sugar level, for it is 
decreased when the blood sugar is elevated 
in diabetes and returns to normal when the 
blood sugar is lowered by starvation, a high- 
fat diet, or insulin.***? 


SUMMARY 


It has been shown that galactose and glu- 
cose act in a synergistic fashion in the pro- 
duction of cataracts and this has been inter- 
preted as indicating that they produce their 
effect in a common manner. 

Ascorbic acid injected intravenously as 
dehydroascorbic acid and phosphate added to 
the drinking fluid failed to delay the develop- 
ment of diabetic cataracts. 

Rats placed on a 35-percent galactose diet 
for four days of each week and starved on 


three days of the week developed cataracts 
in an average of 40 days. Rats on an identi- 
cal galactose regime but receiving a supple- 
ment of normal diet instead of being starved 
three days each week did not develop cata- 
racts. 

This was interpreted as indicating that 
carbohydrate cataracts were the result of a 
metabolic deficiency that could be corrected 
by providing the proper supplement at a time 
when the cellular absorption mechanisms 
were not blocked by a high sugar level. 

2109 Adelbert Road. 
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DiIscuUSSION 


Dr. Davin SHocu (Chicago): I think Dr. Pat- 
terson’s paper is most interesting, and it has im- 
plications of great import in cataract development 
generally, not only in that due to carbohydrates. 

Our own work has been on irradiation cataract 
and it becomes quite evident as evidence accumulates 
that these cataracts are essentially one and the same, 
and we are often only confused by differences in 
etiology and clinical classification. Essentially we 


are dealing with interruptions in metabolic path- 
ways, possibly a common enzyme system, partic- 
ularly in the carbohydrate cataract. I definitely 
agree that there is an overloading mechanism, and 
we might postulate that one of the enzyme systems 
in glucose metabolism, for instance, would be over- 
loaded with an excess of glucose. Studying galac- 
tose-produced cataract really simplifies the problem 

In examining the simplest accepted formulas for 
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glucose and galactose, we find they are very much 
the same. In both cases the first three carbons have 
the same structure. The difference lies in the fourth 
carbon where there is a cis relationship to carbon-3 
in galactose and a trans relationship in glaucose. 
On splitting these substances into trioses the frac- 
tions become the same because carbons 3 and 4 
become asymmetric and the body should therefore 
be unable to distinguish between trioses from 
galactose and trioses from glucose. For this reason 
we feel that the difficulty arises before the splitting 
into the two triose molecules. The enzyme responsi 
ble for splitting the trioses is the aldolase and we 
feel that it may be this enzyme that is saturated 
thus interfering with normal metabolism. 
Extending this thought to d xylose again we find 
carbons 1, 2, and 3 the same but a difference in the 
rest of the chain and, interestingly enough, cataracts 
have been produced by administering d xylose. A 
further example is l-arabinose which again has the 
same configuration on carbons 1, 2, and 3, and only 
two more carbons in the chain. Cataracts have also 
been reported following saturation with this pentose 
An interesting point is the finding of Dr. Levine 
at Michael Reese Hospital that insulin can cause 
a transfer of these four sugars across cell mem- 
branes in the eviscerated animal but it cannot effect 
such a transfer of d-arabinose and d-mannose which 
have a different structure in the first three carbons. 
In summary, | agree entirely with Dr. Patterson 
that there is a metabolic interference in the mecha- 
nism of carbohydrate cataract and it is possible 
that a common enzyme system is involved. We are 
attempting to whether the 
aldolases are the enzymes to be implicated 


at present determine 


Dr. Parrerson: I thank Dr. Shoch for his re- 
marks. We have considered things 
that he mentions, and, if there had been more time, 
we would have liked to discuss them 

We have not localized the metabolic defect at 
the point of action of the enzyme aldolase. If one 


some of the 


considers the metabolism of glucose, galactose, and 
xylose, and keeps in mind the effectiveness of these 
sugars in producing cataracts, It 1s difficult to 
localize the metabolic defect at the enzyme aldolase 

Galactose is phosphorylated by the cell to form 
galactose-1-phosphate, which is immediately changed 
to glucose-l-phosphate by the action of waldenase 
in the presence of uridinediphosphoglucose. 

From this point on, the metabolism of galactose 
is identical with that of glucose, so that any splitting 
to a three-carbon fragment is the same for both 
sugars. However, galactose 1s much more effective 
in producing cataracts than glucose. 

Xylose presumably is converted to some type of 
keto-xylose, which is then phosphorylated and 
enters the Meyerhof scheme at a lower level. It is 
not converted to glucose, but enters at the level of 
a three-carbon fragment. The metabolism of xylose 
seems to by-pass aldolase. 

The work of Dr. Levin, with respect to insulin, 
is most interesting, and we are now testing its re- 


lationship to the development of cataracts. We have 
tried arabinose in long-term chromic experiments, 
and so far have not been able to produce cataracts 
Perhaps we have not had a high enough con 
centration. We are trying to see if it will act 
synergistically with diabetes. If there is a com- 
mon mechanism, it presumably should have a 
synergistic effect 

Actually, the possibility that a lack of insulin 
may be responsible for a metabolic deficiency at a 
cellular level has not been ruled out. If there is a 
limited amount of insulin available to the cell, and 
if other metabolites compete with sugar for this 
insulin, then the lowering of the blood sugar, such 
as results with phlorizin, may permit the absorption 
of the other metabolites, and thus prevent cataracts. 
The total amount of insulin available to the body 
as a whole, however, does not seem to be critical, 
for cataracts can be prevented by lowering the 
blood sugar without changing the total amount of 
insulin available to the animal 


Dr. James H. Auten (New Orleans): I hate to 
interrupt this profound biochemical discussion, but 
1 think it would be interesting to point out the 
clinical significance of this study. 

For a number of years men in ophthalmology and 
in diabetic work have assumed that, in addition to 
an anomaly of carbohydrate metabolism, there have 
been other factors involved in producing the ocular 
manifestations of diabetes. Perhaps that is true im 
some of the degenerative changes in the retina 

I do not believe this study throws any light on 
that question. However, I would like to say that it 
does seem to indicate that the anomalous carbo 
hydrate metabolism is the important factor in the 
development of diabetic cataract. 

Some years ago, in a study of diabetic children, 
Dr. O’Brien and I, working with the pediatric de 
partment of the University of lowa, were able to 
demonstrate that adequate control of the blood 
sugar in those children prevented the development 
of cataract or stopped the early development ot 
diabetic cataract. I believe that report was received 
with considerable skepticism, but we have 
additional clinical proof of this and now I believe 
this basic work further substantiates that clinical 
report. In other words, the anc maly of carbohydrate 
metabolism seems to be the primary factor in 
diabetic cataract 

This work also seems to substantiate the clinical 
observation that galactose cataract in newborn in 
will 


seen 


fants will not only stop but, in most cases, 


disappear after galactose is removed from the diet 


Dre. Davi G. CoGan (Boston): Dr Patterson, 
does the incidence of these carbohydrate cataracts 
show the species variation that one does get with 
such other phosphorylating inhibitors as dinitro 
phenol, or is this a pan-species effect? 


Dr. Parrerson: My work has been confined to 
one particular species and one particular strain, 
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because we have wanted to standardize our condi- 
trons. 

In the galactose Mitchell 
demonstrated that the strain of the rat makes a big 
difference as far as the length of time required for 
the development of cataracts. Diabetic cataracts 
have been reported in dogs, rabbits, and rats. They 
appear to be the same type of cataract as seen in 
man, and described as the juvenile type. These have 
been described by Dr. Allen and others working in 
Iowa, and also by Waite and Beetham in Boston. 
The juvenile cataracts of man can be controlled 
with insulin in the same way that the diabetic 
cataracts of rats may be controlled with insulin. 


case of cataracts, 


Dr. CoGAn: Do you have any evidence that the 
saturation effect, which one obtains, pertains to the 
same enzyme system associated with the action of 


dinitrophenol ? 


Dr. Parrerson: There is no evidence as far as 
I know. Dinitrophenol produces its effect by dis- 
sociating the production of high-energy phosphate 
from oxidation. This may or may not be involved 
in the production of cataracts. Dinitrophenol has 
been given to animals that were on a galactose diet. 
It had no effect on the development of cataracts 


Dr. ZacHARriAS Discue (New York): | would 
like to refer to these figures on the blackboard 

I think it is characteristic that xylose under any 
circumstances is much more potent in producing 
cataract than Xylose is related to 
galactose in its structure. Arabinose is related to 


arabinose. 


glucose. 

1 don’t think anybody tries to work with ribose. 
It would be too expensive to feed ribose to rats 

These facts would indicate that what matters in 
the galactose cataract is the cis position of hy- 
droxyls of the sugar and that the cis position inter- 
feres with some systems that require a trans posi- 
tron. 

As far as the aldolase is concerned, there would 
be the possibility that the phosphorylated form of 


galactose would interfere with the aldolase, be- 
cause phosphorylated sugars tend to interfere with 
this enzyme. 

While ribose is a natural sugar in the animal 
cells, xylose is not, and I don’t know of any evidence 
(maybe Dr. Patterson knows) that xylose could be 
phosphorylated by animal cells in any form, either 
as ketoxylose or as aldoxylose. I would think the 
strong effect of the xylose is related to the effect 
of galactose, and that the cis position of hydrozyl- 
3 and 4 in the sugar interferes with some enzyme 
system which requires a trans position. 

The fact that glucose also is able to produce 
cataract indicates to me that these sugars may 
interfere with the formation of some compounds 
which depend on either galactose or glucose, and 
in this respect we thought of the polysaccharide of 
the lens capsule, which consists of galactose and 
glucose. 

We are now studying this problem from this 
point of view as to whether there is an interference 
in the formation of the polysaccharide of the lens 
capsule by either galactose or an excess of galactose 
or excess of glucose. 


Dr. Parrerson: I would like to make just one 
short remark. 

We are now testing as many sugars as we can 
to determine which of these sugars may have a 
synergistic effect with diabetes in the production 
of diabetic cataracts. This appears to be an easy 
method of determining which sugars will produce 
cataracts, and in this way determining what the 
essential chemical structure for the production of 
cataracts may be. 

We have considered the possibility that a de 
ficiency in polysaccharides might be responsible for 
cataract formation. It is interesting to note that 
in the chondroitin sulfuric acid type of polysac- 
charide, galactosamine is the constituent that is 
combined with galacturonic acid. 

We have tried administering glucosamine as a 
supplement with the idea that it might be compet- 
ing with these sugars for absorption. In our limited 
trial we were not successful in preventing cataracts 


FURTHER EXPERIMENTAL STUDIES ON SYMPATHETIC 
OPHTHALMIA* 


RayMoNnb C. M.D. 
East Orange, New Jersey 


In a previously reported work,’ it was 
shown that by injecting guinea pigs intra- 
muscularly and intraperitoneally with macer- 
ated guinea pig uvea and the so-called 
Freund type adjuvants,** that is, aquaphor, 
inineral oil, and heat-killed tubercle bacilli, 
lesions were produced in the choroid which 
histopathologically simulated those of sympa- 
thetic ophthalmia as found in human eyes. 

About 50 percent of the animals so treated 
exhibited large areas of infiltration in the 
choroid, consisting of lymphocytes, round, 
plasma, and epithelioid cells, and Dalen- 
Fuchs type nodules ; whereas, all of the con- 
trol animals, given only the same mixture 
of adjuvants without uveal tissue, had nor- 
mal eve findings. These findings seemed sig- 
nificant enough to warrant a continuation of 
this work. 

The question had been raised, “Could the 
uveal tissue be acting as an adjuvant produc- 
ing more antibodies to the tubercle bacilli 
resulting in choroidal infiltrations due to the 
antibody-antigen reactions to these tubercle 
bacilli rather than to the uveal tissue?” In 
order to answer this important question, the 
following experiments were performed. 


EXPERIMENTAL STUDIES 
A. SERIES WITHOUT TUBERCLE BACILLI 


Thirty-four young, healthy guinea pigs 
were given three intramuscular injections at 
weekly intervals. Each injection of 0.5 ce. 
contained 0.2 cc. mineral oil, 0.1 ce. aqua- 
phor, and 0.2 ce. saline suspension of 0.5 
of a ground guinea-pig uvea. 


*From the Department of Ophthalmology, Co 
lumbia University, College of Physicians and Sur- 
geons, and the Institute of Ophthalmology of the 
Presbyterian Hospital, New York, New York. Sup- 
ported in part by the Knapp Fund. Presented in part 
at the 21st scientific meeting of the Association for 
Research in Ophthalmology, Chicago, June, 1952 


Three weeks after the last intramuscular 
injection, they all received 0.5 cc. intra- 
peritoneally containing the same amounts of 
mineral oil and aquaphor, but three guinea- 
pig uvea per injection. This is the same 
quantity and injection schedule previously 
employed except that here the tubercle bacilli 
were omitted. 

Four months after the first injection, all 
of the animals were killed. One month prior 
to killing the animals, each one was given an 
intradermal skin test of 0.1 ce. of a saline 
suspension of macerated guinea-pig uvea 
consisting of 0.9 guinea-pig uvea per test 
dose. 

Five cc. of blood were withdrawn from 
the heart just before killing the animals. 
Biopsies of the lung, liver, spleen, and injec- 
tion site were taken. The eyes were fixed in 
Bouin's, prepared in celloidin, serial sections 
made, and stained with hematoxylin and 
eosin. 

Results. Complement fixation tests on the 
sera showed no circulating complement fix 
ing antibodies to macerated uveal tissue. 
Biopsies of the spleen showed some phagocy- 
tosis of pigment. The liver and lung biopsies 
were negative. The microscopic sections of 
the skin test sites showed no more reaction 
or phagocytosis of pigment than those taken 
from a similarly treated group of normal 
animals. 

All of the eves of this series of animals 
were found to be entirely normal. This was 
not a surprising finding. If these animals 
had presented the usual positive findings in 
the uveal tract, the question would have been 
answered at this point. 

Negative findings, though, were not too 
significant. Kabat, Wolf, and Bezer* showed 
that not only was it necessary to include the 
tubercle bacilli with the adjuvants in order to 
get acute disseminated encephalomyelitis in 
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monkeys, but that the tubercle bacilli must 
be in contact with the antigen. 

The explanation of these negative findings 
when the tubercle bacilli were omitted from 
the adjuvant mixture may well be as 
follows: One of the most accepted theories 
to explain the function of the Freund-type 
adjuvants is that they function by setting up 
a reactive tissue wall about the inoculum 
which localizes the antigenic material at the 
inoculation site and, through slow continu- 
ous absorption, produces hyperimmuniza- 
tion. Also, the large monocyte and epithelioid 
cell response which is called forth by the 
adjuvants is believed to be an important 
factor in increasing the antibody production. 

Grossly, when tubercle bacilli are included 
in the mixture, the injection site is found to 
be a large firm nodule filled with yellowish or 
cream-colored exudate. Microscopically, it 
shows a dense cellular reaction with an in- 
tense monocyte and epithelioid cell response 
(fig. 1). However, without the addition of 
the tubercle bacilli, the inoculation site was 
difficult, and sometimes impossible to find 
grossly. 

Microscopically (fig. 2), the site of injec- 
tion without tubercle bacilli showed a very 
mild reaction consisting of vacuoles sepa- 
rated by thin connective-tissue trabeculae 
which contained a few lymphocytes. Normal 
muscle often separated these thin reaction 
trabeculae. Thus, it can be seen that there is 
no great monocyte or epithelioid cell response 
and if this is necessary for the adjuvants to 


potentiate the antibody production, it is not 


surprising to find no reaction resulting from 
a poor antigen given with this mixture omit- 
ting the tubercle bacilli. 


B. ADJUVANT POTENTIAL OF UVEAL TISSUE 


In order to discover whether or not uveal 
tissue acted as an adjuvant and increased 
antibody production the following experi- 
ments were performed : 

Experiment 1. Two groups of 11 guinea 
pigs each were given two subcutaneous in- 
jections on the same day, consisting of 0.25 


Fig. 1 (Collins). Inoculation site, showing marked 
cellular response consisting of lymphocytes, numer- 
ous monocytes and epithelioid cells, and some giant 
cells. Mixture contained uveal tissues, mineral oil, 
aquaphor, and heat-killed tubercle bacilli. 


cc. each.** In one group of animals, the 
heat-killed tubercle 
bacilli, mineral oil, and aquaphor in the exact 


injections contained 
same proportions as were used in the previ- 
ously reported experiments. The injections 
of the second group contained the same ma- 
terials except that uveal tissue in the same 
quantity as previously used was added to the 
mixture. 

At the end of six and one-half weeks, all 
animals were skin-tested with 0.1 cc. of 
1 :100 old tuberculin intracutaneously, At the 
end of 24, 48, and 72 hours, the amount of 
erythema, swelling, and necrosis was meas- 
ured and recorded. 

Figure 3 shows that there was no signifi- 
cant difference between the skin test re- 
actions of the two groups. If the uveal tissue 
had acted as an adjuvant in this mixture, 
one would have expected a more severe 
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reaction in the group of animals in which 
this factor was added to the injection mix- 


ture. 

At the end of eight weeks, 5.0 ce. of 
heart's blood was obtained from each animal 
and a quantitative complement fixation test 
to tubercle bacilli using the method described 
by Freund, Laidlaw, and Mansfield (1936) 
was performed on each sample of serum 
obtained from this blood. 

Figure 4 shows that there 
circulating complement fixing antibodies to 
in which the 


are no more 
tubercle bacilli in the group 
uveal tissue was added to the mixture than 
in that group wherein it was omitted. 
Experiment 2. In order to check the ad- 
juvant powers of uveal tissue by still another 


SKIN TEST WITH TUBERCULIN 


--- Toe + adjuvonts + uveo 


6r — Toe + adjuvants 
a SP 
=z 
= 
4} 
. 
Ss 3 
. 
s 
= 
> 
z 
4 
2 


CENTIMETERS OF ERYTHEMA 


Fig. 3 (Collins). Comparison of skin tests to 
tuberculin in group of animals given uveal tissue 
plus adjuvants with group given only adjuvants. 


Fig. 2 (Collins). Inoculation site, 
showing mild reaction consisting of 
vacuoles, connective-tissue trabec- 
ulae, few lymphocytes. Mixture 
contained uveal tissue, mineral oil, 
aquaphor, without killed tubercle 
bacilli. 


method," the following experiments were 
performed : 

Two groups of 10 guinea pigs each were 
given two subcutaneous injections consisting 
of 0.25 cc. each on the same day. In one 
group of animals, the injections contained 


COMPLEMENT FIXATION TESTS 


Tbe + adjuvants 


anima, | AMOUNT OF SERUM PER TUBE 
| NUMBER | | | | 
252 + + + + + | 
| 284 + + + + 
257 + + + + - 
258 + + + + - 
| 255 + + + + - | 
| 253 + - 
Tbe + adjuvants + uvea 
259 + + + + = 
26) + + + + - 
262 + + + + - 
263 + + + + - 
| 260 + + 
265 + + + - - 
are + + + 
273 + =- = 
27: — - 
Normal animals 
| es | - - - 
Fig. 4 (Collins). Comparison of complement 


fixation tests to tubercle bacilli in groups of ani- 
mals given uvea plus adjuvants with the group 
given only adjuvants. 
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TYPHOID AGGLUTINATIONS 


Typhoid + adjuvants 
DILUTION OF SERUM 
:200 | 


heat-killed tubercle bacilli, mineral oil, and 
aquaphor, plus 0.3 billion killed typhoid 
bacilli per injection. The second group of 
animals was given the same injections with 
a similar mixture to which had been added 
ground guinea pig uvea. 

At the end of eight weeks, 5.0 cc. of blood 
was withdrawn from the heart of each ani- 
mal of each group and a macroscopic typhoid 
agglutination was run on the serum from 
each blood sample. 

Figure 5 shows that there is no higher 
level of agglutinins to typhoid bacilli in the 
group with the uveal tissue added to the 
mixture than in the one wherein this factor 
was omitted. 


C. SERIES WITH MycoOBACTERIUM PHLEI 


It has thus far been shown that tubercle 
bacilli alone with the other adjuvant factors 
will not cause the choroidal reactions previ- 
ously demonstrated; nor will uveal tissue 
plus the mineral oil and aquaphor without 
the tubercle bacilli. Also, it has been shown 
that uveal tissue does not increase the pro- 
duction of antibodies to tubercle bacilli, nor 
does uveal tissue seem to have adjuvant po- 
tentials. 

Still struggling with the question as to 
whether or not the tubercle bacilli could be 
the causative agent in the choroidal reac- 
tions which were demonstrated, another 
series of experiments was performed. It has 
been amply shown that other substances can 
be substituted for the tubercle bacilli in this 
adjuvant mixture.®"' In this present work, 
the timothy-grass bacillus, Mycobacterium 
phlei, a nonpathogen in the true sense of the 
word, but the producer of a granulomatous 
type lesion when injected, was substituted 
for the tubercle bacilli in the mixture. 

Seventeen young, healthy guinea pigs were 
given the usual series of intramuscular in- 
jections consisting of 0.5 cc. of a mixture of 
macerated guinea pig uvea, mineral oil, 
aquaphor, and heat-killed phlei bacilli at 
weekly intervals for three injections fol- 
lowed by an intraperitoneal injection three 
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Fig. 5 (Collins). Comparison of typhoid ag 


glutinations in group of animals given killed typhoid 
bacilli plus adjuvants with a group given typhoid 
bacilli, adjuvants, and uveal tissue. 


weeks after the last intramuscular one. 

Three months after the first injection, the 
animals were killed. At this time, biopsies 
were taken of the lung, liver, spleen, and 
injection site; and the eyes were removed 
and fixed in Bouin’s. Serial sections of the 
eyes were prepared. 

Results. The injection 
marked cellular reaction with an extensive 
outpouring of monocytes and _ epithelioid 
cells. The liver and spleen showed phago- 
cytosis of uveal pigment. Seven of the 17 
animals (about 42 percent) showed exten- 
sive focal areas of infiltration in the choroid 
of both eyes consisting of round cells, plasma 
and epithelioid and the majority 
showed Dalen-Fuchs nodules. 

Figure 6 shows a typical choroidal reac- 
tion, consisting of round, plasma, and epi- 
thelioid cells, and a Dalen-Fuchs like nodule 


site showed a 


cells, 
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seen in one of the animals in which Myco- 
bacterium phlei was substituted for the 
tubercle bacilli in the injection mixture. 
Figure 7 shows an area of choroidal reaction 
seen in the other eve of this same animal. 


D. MoNKEY SERIES 


In order to extend this work further, it 
was decided that a series using monkeys as 
the experimental animal should be done. The 
serious problem here is one of obtaining ade- 
quate monkey uveas to prepare the inocula- 
tion mixture. After four months, 33 monkey 
uveas were collected. In each case, the eyes 
were removed immediately after death; the 
uveas were dissected out under aseptic condi- 
tions and immediately frozen in dry ice and 
stored this way. 

The mixture was prepared in the usual 
fashion containing the amount of 
mineral oil, aquaphor, and heat-killed tuber- 


same 
cle bacilli as previously used, plus 1.6 
monkey uveas per cubic centimeter. Four 
monkeys were given three weekly intra- 
muscular injections of 1.0 cc. of the mixture, 
followed three weeks later by a fourth such 
injection, 

Twenty-six days after the first injection 
one of the animals developed a full-blown 
bilateral iritis with swollen lids, red eyes, 
miosis, and the anterior 


photophobia, 


Fig. 6 (Collins). Choroidal re- 
action seen in right eye of guinea 
pig injected with a mixture of uveal 
tissue, mineral oil, aquaphor, and 
killed phlei bacilli. (a) Retina. (b) 
Nodule consisting of plasma cells, 
lymphocytes, and epithelioid cells. 
(c) Sclera. (d) Dalen-Fuchs 
nodule. 


Fig. 7 (Collins). Choroidal reaction seen in left 
eve of animal shown in Figure 6. (a) Sclera. (b) 
Choroidal nodule consisting of plasma cells, lym- 
phocytes, and central nest of epithelioid cells. (c) 
Retina. 
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chambers filled with cells and fibrin. How- 
ever, in 10 days, the signs and symptoms 
subsided, except for a few cells in the an- 
terior chamber. 

From two to four months after the first 
injection, the animals were killed and micro- 
scopic sections prepared of the eyes. At the 
time the animals were killed, they all showed 
a few cells in the anterior chamber by slit- 
lamp. 

Figure 8 shows an area of round and 
plasma cell infiltration in the ciliary body of 
one of the treated monkeys. Figure 9 shows 
another such area in the choroid of one of 
these animals. Figure 10 shows a posterior 
corneal deposit consisting of monocytes filled 
with pigment granules found in one of the 
treated monkeys. 


FE. TRAUMA SERIES 
The allergy theory of sympathetic ophthal- 
mia holds that it is an allergy to uveal pig- 


Fig. 9 (Collins). Area of cellular infiltration in choroid of treated monkey 


Fig. 8 (Collins). Area of cellular reaction in 
ciliary body of treated monkey. (a) Sclera. (b) 
Ciliary body. (c) Cellular infiltration with lym- 
phocytes and plasma cells. 


(a) Sclera. (b) Group of 


lymphocytes and plasma cells. (c) Retina. 
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ment.’*'* This pigment is normally intra- 
cellular. It was reasoned that if animals were 
first sensitized to uveal pigment and then 
subjected to some traumatizing procedure to 
one of the eyes, this would release the pig- 
ment from its protective covering of the cell 
and a violent local allergic reaction would 


Fig 10 (Collins). Posterior cor- 
neal deposit of treated monkey. (a) 
Corneal stroma. (b) Corneal en 
dothelium. (¢) Clump of monocytes 
filled with pigment 


result. Thus, 29 young, healthy guinea pigs 


were given the usual series of injections of 
uveal tissue plus adjuvants. 

From 63 to 84 days after the first injec- 
tion, an iridencleisis was performed on the 
left eye of each animal and the ciliary body 
was traumatized with the spatula in the area 


Fig. 11 (Collins). Destroyed eye two months following iridencleisis in treated guinea pig. 
(a) Sclera. (b) Interior of eve. 
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Fig 
(b) Incision site 
plasma cells, and phagocytosis of pigment. 


of the operative coloboma. A similar such 


procedure was carried out on 16 normal ani- 


mals—every third animal operated on was a 
normal control. 

Twelve of the 29 operated animals showed 
a severe reaction of the operated eve in 
which the eye became beefy red and the 
anterior chamber entirely filled with grayish- 
white material, presumably white cells. Such 
a reaction developed in from one to six days 
postoperative and the majority of these eyes 
went on to perforate. None of the normal 
operated animals showed any significant re- 
action of the operated eye and these eyes 
were all white in less than one week. All of 
the animals were killed in from a few days 
to two months after operation and sections 
made of the eves. 

Figure 11 shows a section of an eve two 
months after the iridencleisis in a treated 
animal. This eve displayed a violent reaction 


12 (Collins). Operation site two months following iridencleisis in treated guinea pig. (a) Sclera. 
(c) Marked reaction, showing giant cells, monocytes, epithelioid cells, lymphocytes, 


immediately after the operation and went on 
to perforation, Figure 12 shows the opera- 
tion site two months postoperative in a 
treated animal. One sees here a marked cellu- 
lar reaction consisting of round, plasma, 
giant, and epithelioid cells, and phagocytosis 
of pigment. Figure 13 shows the operation 
site two months postoperative in a normal, 
untreated, control animal. There is no cellu- 
lar reaction and the structure of the incar- 
cerated iris pillar appears almost normal. 


F. CORTISONE SERIES 

Because there have been reports of cases 
of sympathetic ophthalmia — successfully 
treated with cortisone,’*"* it was deemed 
wise to test this substance in this work. 

Thirty-seven young, healthy guinea pigs 
were given the usual series of injections of 
macerated guinea pig uvea plus the Freund 
type adjuvants, that is, mineral oil, aquaphor, 
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Fig. 13 (Collins). Operation site two months 
following iridencleisis in normal control animal. (a) 
Ciliary epithelium. (b) Sclera. (c) Incarcerated iris 
pillar, showing no cellular reaction 
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and heat-killed tubercle bacilli. Starting with 
the first injection of antigenic mixture, each 
animal was given 5.0 mg. of cortisone sub- 
cutaneously every day except Sundays dur- 
ing the whole course of the experiment. 

The animals were followed for five and 
one-half months, at which time they were 
killed. The eyes and biopsies of the site of 
injection, lung, liver, and spleen were taken 
and prepared for microscopic examination. 

Results. The biopsies of the site of injec 
tion, liver, and spleen showed a cellular re- 
action and phagocytosis of pigment similar 
to that seen in the treated animals without 
cortisone. 

Thirty-three of the 37 animals (about 90 
percent) showed extensive areas of choroidal 
infiltration in both eyes, consisting of round, 
plasma, and epithelioid cells, and the ma- 
jority showed Dalen-Fuchs type nodules. 


Fig. 14 (Collins). Choroidal reaction in right eye of guinea pig given injections of uveal tissue, Freund- 


type adjuvants, and cortisone 


(a) Ketina with folds and separation (artefacts). 


(b) Choroidal nodules, 


consisting of lymphocytes, plasma cells, and epithelioid cells. (c) Sclera. 
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Fig. 15 (Collins). Similar reaction of left eye of same animal shown in Figure 14. (a) Retina 
(b) Choroidal nodule. (c) Sclera. 


choroid thickened and solidly infiltrated 
comparable to a Stage IIL sympathetic oph- 


These were the most marked reactions ever 
seen in any of the series. 
Several of the animals showed the whole — thalmia seen in human eyes. 


Fig. 16 (Collins). High-power 
magnification of a Dalen-Fuchs 
nodule in guinea pig given injec- 
tions of uveal tissue and Freund 
type adjuvant, showing phagocytosis 
of pigment 
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Figure 14 shows areas of infiltration in 
the choroid of the right eye of a treated ani- 
mal which was given cortisone during the 
whole course of the experiment. The areas 
consist of round, plasma, and epithelioid 
cells. Figure 15 shows the same findings in 
the left eye of the same animal. 

Figure 16 is a high magnification of a 
Dalen-Fuchs type nodule in a treated animal 
which was given cortisone. This shows 
marked phagocytosis of pigment—a point 
which Friedenwald” stresses as important in 
the histopathologic picture of sympathetic 
ophthalmia. 


SUM MARY 


1. It was shown that the usual choroidal 
infiltration consisting of round, plasma, and 
epithelioid cells, and the formation of Dalen- 
Fuchs like nodules did not occur when tuber- 
cle bacilli were omitted from the injection 
mixture of macerated guinea pig uvea, 
mineral oil, and aquaphor. 

2. It was shown that uveal tissues does 


not have any significant adjuvant potential. 
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3. It was shown that the usual choroidal 
reaction resulted when Mycobacterium phlei 
was substituted for tubercle bacilli in the 
injection mixture. 

4. One of the four monkeys given intra- 
muscular injections of monkey uvea plus 
adjuvants developed a severe iritis which 
subsided, but all four showed small areas of 
round and plasma cell infiltration in the 
choroid or ciliary body on microscopic 
section. 

5. Twelve of 29 guinea pigs showed a 
severe local reaction following an_ iri- 
dencleisis performed two months after the 
first injection of the series of injections with 
uveal tissue plus adjuvants. 

6. Animals given cortisone during and fol- 
lowing the injections with uveal tissue plus 


adjuvants showed more marked choroidal 


reactions than those not receiving this drug. 
38 Washington Street. 


Cortisone used in this work was cortone acetate 
(Merck) which was supplied through the courtesy 
of Merck & Co., Rahway, New Jersey. 
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DISCUSSION 


Dr. Davin G. CoGan (Boston): I was privileged, 
this past year, to participate in a small way in a 
group of experiments with Dr. Byron Waksman, 
somewhat analogous to the present experiments but 
directed toward another end. 

Dr. Waksman had found that giving single in- 
jections of dead tubercle bacilli, aquaphor, and 
portions of spinal rabbit cord to rabbits produced 
a transverse myelitis and death. Histologically this 
was a demyelinating process, simulating multiple 
sclerosis 

Similarly optic nerves of rabbits were injected 
with aquaphor and dead tubercle bacilli in the hope 
of producing a retrobulbar neuritis. The experi- 
ments failed. One of the rabbits, curiously enough, 
developed a bilateral iritis of a transient nature 
not a severe case—but no clinically obvious retro- 
bulbar neuritis. 

We also made a few spot tests with uvea, aqua- 
phor, and tubercle bacilli and, in the very few ex- 
periments we tried, we didn’t induce a uveitis. 

I would, however, accept Dr. Collins’ careful ob 
servations in preference to our own, which were 
just for our own curiosity and were sort of spot 


tests. 


Dr. T. E. Sanvers (Saint Louis): I want to 
ask Dr. Collins about the possibility of the ad- 
juvants changing the antigenicity of the uveal 
pigment. I have always felt that in production of 
sympathetic uveitis (and, incidentally, I think 
uveitis is a better term than ophthalmia), an X 
factor was added to the uveal pigment which 
modified the antigenicity. 

I wonder if the possibility of the production of 
these lesions, which surely look like sympathetic 
uveitis, was due to this factor rather than to 
changing the absorption of the uveal pigment. 

Dr. Raymonp C, Cottins (East Orange, New 


Jersey): In relation to Dr. Cogan’s work, Kabat, 


Wolf, and Bezer, at the Neurological Institute, 
have been working for six or seven years on this 
acute encephalomyelitis in monkeys, and they rou- 
tinely find encephalomyelitis when the monkeys are 
given brain tissue. They also have found changes 
in the optic nerves 

Concerning the adjuvants changing the chemistry 
of the pigment, I cannot answer that question be- 
cause the chemistry of pigment is so confused. We 
do not even know about its solubility, let alone 
alterations in its antigenicity 

As far as getting pure pigment and trying it is 
concerned, it seems impossible at the present time. 
The only thing I can say is that this pigment seems 
to be a relatively inert thing, and when it is in- 
jected with this mixture it is picked up and car- 
ried around by the reticuloendothelial system. You 
can find the Kupfer cells in the liver perfectly out- 
lined by pigment granules months later, which 
microscopically look the same as the granules that 
were injected. We cannot tell about the chemistry. 
I cannot answer that. 


Melanin might be more than one 
pure uveal 


You 


Dr. SANDERS: 
thing in the uveal tissue. Apparently 
tissue and pure melanin are not antigenic. 
must do something to make them so. 


Dr. Cottins: We do not know about that. EI- 
schnig’s early work showed that uveal pigment had 
antigenic properties. As far as pure uveal melanin 
and pure uveal tissue being antigenic, one cannot 
say with out present state of knowledge. 

First, as already mentioned, it is impossible to 
obtain pure uveal pigment with proven unchanged 
chemistry and antigenicity. The same holds true 
of pure uveal tissue. 

Secondly, before one could say that pure melanin 
and pure uveal tissue are not antigenic, one must 
inject over a very long period 
This has never been done. Rivers in the early work 


these substances 
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on encephalomyelitis found that he had to inject 
the brain tissue daily for something like 180 days 
before he got evidence of antibody production. 
Kabat found that the adjuvants speeded this re- 
action to three or four weeks. 


Dr. Sanpers: That would help to answer my 
question. It does change the possibility of the an- 
tigenicity of it. It increases the antigenicity. 


Dr. Cottins: I cannot answer this question any 
further in view of our lack of knowledge of the 
chemistry of melanin and exact mode of action of 
the adjuvants. 


Dr. Loren P. Guy (New York): When one is 
considering the possibility of uveal pigment in sym- 
pathetic ophthalmia, I think clinically one should 
go through the statistics and case reports of sym- 
pathetic ophthalmia and find out how many cases 
of albinos have developed sympathetic ophthalmia. 
I think that is quite important. 

Concerning the specific sensitivity of uveal pig- 
ment, it is difficult to test this because it is a matter 


of attempting chemically to prepare a pure solution 
or substance of uveal pigment. You are apt to alter 
the pigment in attempting this preparation. 

Some 10 years or so ago I took guinea pigs and 
injected them according to the technique of Land- 
steiner, injecting them every three or four days 
intradermally. Those guinea pigs did develop an 
allergy to the pork and bovine uveal pigment that 
we had. Also, they developed a sensitivity to pork 
serum and beef serum. This tends to illustrate the 
complexity of the problem. 


Dr. Richey L. Waucn, Jr. (New Orleans): I 
was very much interested in Dr. Collins’ finding of 
a nodule in the ciliary body, and I wonder whether 
or not he found any in the iris, especially since we 
consider anterior nodules more characteristic of 
tuberculosis, and those in the posterior iris more 
characteristic of sympathetic ophthalmia. 


Dr. Cottins: Interestingly enough, we found no 
reaction at all in the iris. It has been localized en- 
tirely to the choroid except in monkeys, where there 
was some action in the ciliary hody. 


METABOLISM OF FLUID TISSUE CULTURES 
USED FOR VIRUS STUDIES* 


Atson E. Bratey, M.D., R. C. ALEXANDER, M.S. 
Iowa City, lowa 


INTRODUCTION 


Fluid tissue cultures have been used to 
isolate the viruses for a number of years. 
Simms and Sanders’ showed that by the use 
of embryonic mouse brain and serum ultra- 
filtrate it was possible to maintain the growth 
of some of the viruses. 

A number of problems have presented 
themselves in the growing of viruses in fluid 
tissue culture. The viruses certainly increase 
in concentration when grown in the fluid 
tissue culture, since there is an increase in 
Virus titer with time. Herpes simplex, for 
example, will increase to 10° when grown 
in this fluid tissue culture. 

The virus grows until an apparent equilib- 
rium is reached, at which time there is no 
further increase in the concentration of the 


* From the Department of Ophthalmology, Col- 
lege of Medicine, State University of lowa. 


virus. This would indicate that the cells com- 
posing the tissue culture remain dormant and 
do not increase in numbers, but that the 
virus increases until it occupies the suscepti- 
ble cells in the tissue culture. 

We wished to determine if the tissue 
culture is a dormant culture or if the cells in 
the tissue culture are actively growing. We 
also wished to determine whether changes in 
the substrate would change the growth rate 
or the dormant state of the cultures. 


MATERIAL FOR STUDY 


Fluid tissue cultures were prepared in a 
manner similar to that described by Simms 
and Sanders.’ Two types of tissue were used 
in finely divided particles. After the tissue 
cultures were made, they were placed in 
centrifuge tubes and spun at a low rate of 
speed to settle the tissue at the bottom of the 
test tubes. 


METABOLISM OF FLUID TISSUE CULTURES 


The amount of tissue present in these 
cultures ranged from 1.0 to 1.5 gm., as 
measured by volume. This was combined 
with 10 cc. of the fluid substrate and placed 
in the test cups of the Warburg manometer. 
KOH was added to the central well of the 
manometer cups to remove the carbon 
dioxide. 

The manometer cups were then placed in 
a constant temperature bath maintained at 
37°C. These cups were then shaken in the 
usual manner in the Warburg apparatus, 
and the readings were made on the manome- 
ters at 20-minute intervals for 140 minutes 
in most instances. The two-or-more-day 
tissue cultures were allowed to grow in a 
large volume of fluid for the period of time 
prior to their being placed in the manometer 
tubes. These tissue cultures were kept in the 
incubator, tightly stoppered. 


METABOLISM OF NORMAL TISSUE CULTURE 


As the oxygen is being removed from the 
closed circuit of the manometer, it is re- 
corded in millimeters on the manometers. 


Oxygen uptake 


40 60 80 100 


20 
Time in minutes 
Embryonic mouse brain 


Fig. 1 (Braley and Alexander). Oxygen uptake 
in embryonic mouse brain tissue culture. 


2 days 


Oxygen uptoke 


20 
Time in minutes 


Chick embryo 


Fig. 2 (Braley and Alexander). Oxygen uptake 
in chick embryo tissue culture. 


Since the carbon dioxide is presumably 
being removed by the KOH in the well of 


the manometer cups, it is assumed that 


oxygen is being consumed in the tissue cul- 


ture. 

In each experiment the fluid portion of 
the tissue culture, without any cells, was 
placed in one manometer and used as a 
control. The excursions of this control ma- 
nometer, either positive or negative, were 
recorded as barometric pressure changes and 
slight temperature changes in the water bath. 
Invariably this control manometer did not 
show any excursion, while those containing 
the tissue absorbed oxygen. 

When embryonic mouse brain was used as 
the tissue, the freshly made, one-day-old 
tissue cultures showed the greatest excur- 
sion. As the tissue cultures were allowed to 
remain in the incubator for longer periods, 
the amount of oxygen consumed in the ma- 
nometers decreased gradually (fig. 1). 

Using chick embryo material as the tissue, 
the two-day-old cultures showed the greatest 
excursion. The one-day-old tissue cultures 
showed less excursion on the average, as did 
the three-, four-; and five-day-old tissue 
cultures (fig. 2). 
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SUBSTANCES ADDED TO TISSUE CULTURE 
1. Herres virus 


When the herpes virus is added to tissue 
culture, either embryonic mouse brain or 
chick embryo, during the first day there is 
a definite rate of oxygen consumption, This 
rate is about half the rate of the oxygen 
consumption of normal tissue culture. 

On the second day the rate is increased 
over the first day, showing a rise in the 
oxygen consumption during the second day 
of growth of the herpes virus. This coincides 
with the marked increase in the potency of 
the herpes virus when it is tested by intra- 
cerebral inoculation in mice. While one-day 
tissue cultures contain very little herpes 
virus, the two-day concentration of herpes 
virus is much higher. 

When the three-, four-, and five-day cul- 
tures are measured with the herpes virus, it is 
found that there is a gradual but considerable 
decrease in the consumption of oxygen by the 
culture, so that by the fifth day very little 


oxygen is consumed, yet the pe tency of the 


virus when tested in mice is usually 10° (fig. 
3). This observation is based on more than 


« day 
Saupe 


> 


Osyger 
3 


T 


Oxygen uptoke 


20 80 100 120 
Time in minutes 


Herpes virus in chick embryo 


Fig. 3 (Braley and Alexander). Oxygen uptake in 
herpes virus in chick embryo. 
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Oxygen uptake 


Folie acid tw 
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Teme in minutes 


Chick embryo 


Fig. 4-A (Braley and Alexander). Folic acid in 
chick embryo tissue culture 


100 tissue culture experiments in each in- 
stance. 


2. Fotic acip 


Folic acid was added to the tissue culture 
by two methods : 

(a) Ata given moment varying concentra- 
tions of folic acid were dumped into the 
tissue culture so that the resultant concen 
tration of folic acid varied from 1.0 gamma 
per 10 ce. to 1.0 gamma per 1.0 cc. The oxy- 
gen consumption of the normal tissue cul- 
for 140 


definite curve was thus established. At this 


ture was measured minutes. A 
time the folic acid was added and the ma- 
nometer read for another 140 minutes, 

In all instances after folic acid was added 
to the tissue culture, there was an immediate 
suspension of oxygen consumption, and 
although the manometer remained steady, as 
one can see from Figure 4, there was usually 
a gradual decline in the manometer reading, 
either due to the loss of the seal around the 
edges of the manometer or due to the weight 
of the fluid used for measuring in the ma- 
nometer. In all instances, however, there was 
no increase in oxygen consumption. 


(b) When folic acid is added to tissue 


= 
60 
70 YA | 
SN 
x x 
VA xe 
30 —— doy 
——— © 2 éey 
3 doy 
20 4. 
10 
4 days 
va 
| 4 
a 
Zé 
10 
° 
40 


METABOLISM OF FLUID TISSUE CULTURES 


Oxygen uptake 


Folic acid 2 gamma 


60 80 100 120 140 20 40 60 80 100 120 140 
Time in minutes 
Folic acid in side arm and dumped into 


tissue culture at point indicated by arrow 


Fig. 4-B (Braley and Alexander). Folic acid in 
side arm and dumped into tissue culture at point 
indicated by arrow. 


culture in extremely low concentrations of 


0.1 gamma to 30 cc., there is not as much 
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Cortone -!| gamma in tissue culture 


Fig. 5 (Braley and Alexander). Cortone, 1.0 
gamma, in 10 ce. of tissue culture. 
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Fig. 6 (Braley and Alexander). Two-day chick 
embryo, with cortone and herpes virus; 10 gamma 
ot cortone in each 10 cc. tissue culture. 


depression of the oxygen consumption, The 
amount of folic acid added to the tissue cul- 
ture appears to act as a proportional poison 
to the tissue. When a large amount of tissue 
is present in the culture, then larger quanti- 
ties of folic acid must be added. 

(c) When both folic acid, in extremely 
small concentrations, and herpes virus are 
added to tissue culture, there is a marked 
depression in the rate of oxygen consump- 
tion, and as has been reported before,? there 
is no growth of the herpes virus. 


3. CORTISONE 
(a) Cortisone in various concentrations. 
Was 


and one-half cortisone 


mixed with large quantities of balanced salt 


Two percent 
solution. In concentrations below 10 gamma 
per cc., cortisone appears to be in solution 
since there is no visible evidence of any 
When 


added to normal tissue culture in concentra- 


precipitated material. cortisone is 
tions of from 0.1 gamma to 10 gamma per 
ce., there is no difference between the oxygen 
consumption by this method and the normal. 

There was, however, as can be seen in 
Figure 6, a marked difference in all ma- 
nometer readings. While some of them did 
normal 


show a marked increase over the 


oxygen consumption, others showed a defi- 


nite decrease from the normal. For that 


165 
60 7 $5 
so 
55 
40 
35 
so Q 
30 
25 
45 
20 
/~ 
x x 
35 ‘] 4 140 
if 
sp 
é/ * 
25 
or 
20 / 
© 
ff 
fo} 
10 —— © 2 dey 
3 
5 | 
50 
45 
40 
35 
25 
20 , 
10 © 
| 


ALSON E 


Oxygen uptoke 
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Chick embryo - | day tissue culture 
10 gommo cortone + herpes virus 
Fig. 7 (Braley and Alexander). One-day chick 
embryo tissue culture; 10 gamma cortone and 
herpes virus. 


reason all the points are plotted on Figure 6. 
This was true not only for 1.0 gamma but 
for 10 gamma per cc. of cortisone. 

(b) Cortisone and herpes virus. Cortisone 
added to the tissue culture and then inocu- 
lated with herpes virus does not show any 
change in the oxygen consumption from that 
of the normal tissue culture and herpes virus. 
The same type of curve is obtained (fig. 7) 
with herpes virus alone as with the tissue 
culture. 

When this tissue culture with cortisone 
and herpes simplex is tested in mice, there 
is very little difference between the potency 
that is developed between it and controls, as 
will be seen in Figure 8. Cortisone in tissue 
culture without herpes virus, grown for the 
same period of time, produces no effect when 
inoculated intracerebrally in mice. 


DiscUSSION OF RESULTS 
From the experiments on normal tissue 
culture it would seem to indicate that with 
embryonic mouse brain there is possibly 
some growth of some of the cells in tissue 
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culture during the first 24 hours. However, 
after this period the respiration rate is ap 
proximately that of a dormant cell and, there- 
fore, we would consider that the normal 
embryonic mouse brain tissue culture is a 
dormant culture and not an actively growing 
tissue culture. 

It would appear that the best time to 
inoculate these cultures with viruses would 
be during the first 24 hours. However, no 
difference appears to result in the final 
potency of herpes simplex virus whether the 
tissue culture is inoculated on the first day or 
the fourth. After the fifth day, when there is 
very little oxygen consumption by the nor- 
mal tissue culture, there is likewise very little 
increase in potency of the herpes virus. 

With chick embryo material the most 
active period appears to be the second day 
after the tissue culture is made. Therefore, it 
would seem to be advisable to inoculate the 
second-day tissue culture with the viruses in 
order to get the highest degree of potency. 
This is certainly true of the strain of herpes 
simplex virus with which we were dealing, 
although as long as the tissue culture is 
inoculated during the first three days after 
having been incubated, it will attain a 
potency of 10°° within 48 to 72 hours. 

When tissue culture is inoculated with 
herpes simplex, there is an immediate de- 


pression in oxygen consumption, which is 
followed in 24 hours by a slight rise in 
oxygen consumption. This slight rise is pres- 
ent for the second 24-hour period. Then the 
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Fig. 8 (Braley and Alexander). Time of death 
in mice. Tissue culture inoculated with herpes 
simplex. 
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third, fourth, and fifth days show a gradual 
decline in oxygen consumption until the 
highest potency of the virus is attained, at 
which time there is no oxygen consumption. 

It would appear that both the cells and the 
herpes virus are then in a dormant state. 
However, the potency of the herpes virus, 
when tested in mice, is maintained for a 
considerable period of time, but with our 
herpes simplex virus we have never been 
able to get higher than 10° concentration. 

If our experience with herpes simplex 
virus and tissue culture can be carried over 
into the isolation of virus by the use of 
tissue culture, then it would indicate that 
freshly made 24 to 48 hour tissue culture 
should be inoculated with the material in 
which a virus is suspected. These should be 
either transferred to other tissue culture or 
tested by intracerebral inoculation in mice 
before the fifth day of growth in the incu- 
bator. It would be preferable to inoculate or 
transfer to another tissue culture within 24 
to 72 hours after inoculation. 

When folic acid is added to the tissue 
culture in extremely low concentration, then 
there is only a slight depressive effect. How- 
ever, it appears from our experiments that 
the amount of folic acid needed is directly 
proportional to the amount of tissue present 
in the cultures. When small amounts of tissue 
are present in the cultures, then smaller 
amounts of folic acid are necessary to stop the 


respiration. However, when large amounts of 


tissue are present, then smaller amounts of 
folic acid only depress the oxygen consump- 
tion. 

In either instance when folic acid is added 
to tissue culture in almost any concentration, 
the herpes virus will not grow. In a previ- 
ous report,? we have indicated that folic 
acid must combine with the nucleus of the 


cells in the tissue culture, thus preventing 
the growth of herpes virus. 

The results of the cortisone experiments 
would indicate that cortisone has no effect 
on the tissue culture or on the growth of the 
herpes virus. The tissue culture to which 
cortisone has been added acts very much like 
the normal tissue culture, with the exception 
that it is likely to be more erratic in the 
amount of oxygen consumption since some 
cultures are slightly depressed and others in 
crease very rapidly in the amount of oxygen 
consumption. When herpes simplex virus is 
inoculated into culture containing 
cortisone, there is no increase in the potency 
of the herpes virus and there is no change 
in the rate at which the virus develops. 


tissue 


CONCLUSIONS 

1. Fluid tissue cultures used for isolation 
of viruses contain dormant cells. 

2. Embryonic mouse brain cultures should 
be inoculated with virus during the first 48 
hours after preparation. 

3. Chick embryo cultures should be inocu- 
lated within 72 hours. 

4. Virus cultures should be transferred or 
tested in mice 48 to 72 hours after inocula- 
tion with viruses. 

5. Folic acid added to tissue culture de- 
presses the oxygen consumption in propor- 
tion to the number of cells present. It com- 
bines with the nucleus and prevents cellular 
metabolism. Folic acid inhibits or prevents 
the growth of herpes virus in tissue culture. 

6. Cortisone added to tissue culture has no 
effect on the oxygen consumption of the 
culture. 

7. Cortisone has no effect on the growth of 
herpes simplex virus in tissue culture. 

University Hospitals. 
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DISCUSSION 


Dr. Davin G. CoGan (Boston): Do I see any 
grounds of conflict between what you find as the 
effects of cortisone on tissue culture, and what the 
California group presented yesterday, indicating 
that cortisone enhanced the virulence of viruses? 


Dr. Brarey: I said that, as far as I was con- 
cerned, it had very little effect on the rapidity of 
growth of the virus. I had hoped it would increase 
the rapidity with which the virus would increase 


in concentration 


De. V. Evererr Kinsey (Detroit) : 1 would like 
to ask Dr. Braley what the rationale was for using 
cortisone, 


Dr. Bratey: It was on the basis of clinical evi- 
dence—using it in herpes during the first few days 
of an active herpes infection. Clinically there is no 
doubt that the virus spreads over the cornea during 
the first few days 

After the disease has more or less passed on 
beyond this first few-day period, cortisone may be 
somewhat beneficial in the prevention of the disc 
form, and so on, but certainly it appeared clinically 
to increase the potency of the herpes virus on the 
cornea—at least the spread of the virus on the 
cornea. 


Dr. Kinsey: You would expect that to be sys 
temic, however, would vou not ? 


Dr. Bracey: I expected it also to be true in our 
tissue cultures, that we would have a sharp rise in 
the virus concentration. Instead of having to wait 
three days to reach a 10° potency, we would get it 
in one day with the cortisone, you see. 


Dr. Davin G. CocGan (Boston): May I inter- 
sperse a remark that may be of general interest, 
although it does not bear directly on Dr. Braley’s 
paper? It pertains to the question: What is hap 
pening during the first three days, called the latent 
period, after the inoculation? Dr. Henry F. Allen, 
in Boston, studied this and published a paper, but 
not in the ophthalmic journals, therefore some of 
you may not know about it. 

Dr. Allen was interested in the effect of gamma 
globulin on the inhibition of the herpes virus when 
injected intraperitoneally in mice at intervals after 
an intracerebral injection of the virus. He found 
that it was completely inhibitory within the first 
two days after the inoculation, slightly inhibitory 
on the third day, and not at all on the fourth day. 

The reason, presumably, is that the virus is 
extracellular in the first two days. Sometime there- 
after, at least in the case of the mouse brain, it 
becomes intracellular and is no longer available for 
the action of the gamma globulin, assuming that 
gamma globulin cannot penetrate into the cell. 

The incubation period of herpetic keratitis in the 
cornea is also three or four days. Presumably the 
failure of gamma globulin and other agents which 
would be specific for it is that they just don’t get 
into the cell where the virus is at this stage. 


EXPERIMENTAL STUDY OF PLASTIC MATERIAL AS 
REPLACEMENT FOR THE CORNEA* 


A PRELIMINARY REPORT 


Wittiam Stone, Jr., M.D. AND Hersert 
Boston, Massachusetts 


This work was initiated at the Massa- 
chusetts Eye and Ear Infirmary and Massa- 
chusetts General Hospital in an attempt to 
develop a procedure which might be comple- 
mentary to the living-donor corneal trans- 
plantation and which might possibly be of 
aid when this procedure yields unfavorable 
results. 


* From the Massachusetts Eye and Ear Infirmary 
and the Massachusetts General Hospital. This work 
was supported in part by the Office of Naval Re- 
search, Nonr469(00)—NR 115-163 and by the Na- 


tional Society for the Prevention of Blindness 


failures in 


The 


living-donor corneal transplantation, accord- 


greatest percentage of 
ing to Stansbury,’ and to the symposium on 
corneal transplantation presented before the 
American Academy of Ophthalmology in 
1947,* is due to clouding of the donor graft 
and ingrowth of vessels. It would seem de- 
sirable, therefore, to attempt to develop an 
artificial graft into which vessels could not 
grow and which could not cloud. 

Several unsuccessful attempts to replace 
living corneal tissue with an artificial ma 
terial have been recorded.* * Stimulation was 
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given to try like procedures by an ob- 
servation made during the war. Coming 
under observation were several pilots of dive 
bombers whose plastic cockpit cupolas had 
collapsed and shattered into thousands of 
minute pieces, many of which were imbedded 
in their corneas. In several cases, the parti- 
cles were so small and so numerous that re- 
moving all of them would have meant prac- 
tically removing the entire cornea. They 
were to a great extent, therefore, left in 
place. Peculiarly enough they produced very 
little, if any, reaction. 

As a result of this observation, it was 
thought that it might be interesting to de- 
termine how the cornea would tolerate larger 


pieces of plastic. 


FULL-THICKNESS PLASTI 
(1947) 


Plastic replacements of various shapes and 
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sizes were placed in 15 rabbits as full-thick- 
ness grafts five vears ago, All of these grafts 
extruded within a 14-day period. 

had 


edge, others were merely buttons, others had 


Several tantalum meshwork at the 
roughened edges (fig. 1). We did not know 
at that time that there is a correlation be- 
tween the interstice size of tantalum mesh 
and tissue ingrowth.” 

All the plastic discs were round in shape 
and were sutured in place by means of 
silk 


rabbits, adequate antibiotic therapy was 


the classical suture method. all 


administered, 


INTERLAMELLAR MOLDED IMPLANTS 


Two years ago a different principle was 


explored. It was decided to attempt to apply 


a principle which had been demonstrated 
with the incompletely covered plastic mesh 
postenucleation implant—that is, that it is 
necessary to keep tissues in apposition to the 
mesh with suitable suture material a suffi- 
ciently long period to allow the tissues to 
grow firmly into the interstices of the mesh- 
work,” 

If the plastic could be maintained in the 
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Fig. 1 (Stone). Some of the plastic dises placed 
five years ago as full-thickness implants in rabbit 
All extruded within a period of one to 
two weeks. 


corneas. 


cornea sufficiently long for tissue to grow 
firmly into its periphery, and if the periphery 
were fabricated to permit the ingrowth of 
tissue, it might be maintained without ex- 
trusion. A two-stage procedure for the 
corneal implant was therefore devised. 
The implant first used was one made of 
annealed methyl methacrylate, machined to 
the size and shape of the rabbit’s cornea, 
with different 
periphery to allow for tissue ingrowth (fig. 


holes of diameters the 
2). These were placed in one eye of nine 
rabbits two years ago. 

The operative procedure consisted in in- 
cising the cornea at the limbus, splitting the 
cornea in two layers from limbus to limbus, 
sliding the implant between the two layers, 
and then cornea in the 
periphery. 

The plastic was well tolerated in all the 


suturing the 


diameters and thicknesses used. Even in the 
first seven days there was little reaction in 
the cornea, either of infiltration or desqua- 
mation (fig, 3). 

Several days later several small vessels be- 
gan to form in the eves of four rabbits. In one 
rabbit, five small vessels branched out from 
the limbus; in another rabbit, after several 
weeks, the vessels began to regress to some 
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Fig. 2 (Stone). Type of corneal disc placed in 
rabbit corneas two years ago. At present, experi- 
ments are being conducted with a completely differ- 
ent design. 


degree until they became very fine lines (figs. 
4 and 5). They exist now as two to three 
trunks from the periphery to the area of the 
holes and then arborize in fine filaments into 


Fig. 3 (Stone). Interlamellar implant in rabbit 


cornea, seven days postoperative. Very little reac- 
tion in cornea or remainder of eye. 


the holes. They invaded the central area of 
the plastic corneas but later regressed com- 
pletely, leaving little vestige. 

An explanation of the cause of this 
moderate but apparent vascularization may 
be found in the type of polishing material 
used and its accumulation in the peripheral 
holes. It may also be due to the proximity 
to the limbus of our original incision. These 
questions are being investigated at present. 

The photographs (fig. 4and 5) were taken 
five months after plastic discs were placed 
in rabbit corneas. These discs are still in 
place at the end of 24 months and are essen- 
tially unchanged (fig. 6). 

Rabbit 95 died seven months after the im- 
plant was placed. In teasing the implant 
from between the corneal layers, it was 
found that the stroma had grown firmly into 
each of the holes and it was very difficult to 
separate the implant from the surrounding 
tissue in the region of the holes. (fig. 7). 

Late extrusion. Two interlamellar discs 
placed in this series extruded at the end of 
19 months. It was felt that this extrusion was 


ds . 
Fig. 4 (Stone). Interlamellar implant in rabbit 


cornea, five months postoperative. Cornea clear, 
with exception of several fine blood vessels. 
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due to gradual erosion of the anterior corneal 
layer at one edge as a result of pressure 
between the overriding lid and the implanted 
plastic. As a result of this, new types of 
discs, completely different from those shown 
in Figure 2, have been designed with a view 
to their protective features. Experiments are 
being carried on with these at present. 


SECOND STAGE IN THE TWO-STAGE PROCEDURE 


The first stage, as has been seen, was to 
devise a method of maintaining an implant in 
apposition to corneal tissue for a sufficiently 


long period for firm fibrosis to take place 


in the periphery. 

The second stage consisted in trephining a 
segment in the center of the anterior layer 
of cornea, after a sufficient time interval, 
and, if necessary, according to the opacifica- 
tion, in doing the same to the posterior 
layer. One part of this second stage occurred 
inadvertently in Rabbit 85 (fig. 8). 

An implant, 0.5-mm. in thickness and 
12-mm. in diameter, had been placed. This 
extended practically from limbus to limbus. 
When the anterior layer was resutured in 


(Stone). Interlamellar implant in rabbit 


cornea, five months postoperative. 


Fig. 5 


Fig. 6 (Stone). Interlamellar implant in rabbit 
cornea, 24 months postoperative. Cornea clear, with 
exception of several fine blood vessels and a one- 
mm. area of opacity at edge of implant. Remainder 
of eye appears normal. 


Fig. 7 (Stone). Photograph shows rabbit cornea 
after interlamellar implant had been teased from it. 
Projections are corneal tissue which had grown into 
holes in periphery of implant. (Rabbit 95 died 
seven months after implant was placed.) 
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Fig. 8 (Stone). Interlamellar implant in cornea 
of Rabbit 85, with circular opening in anterior 
layer of cornea down to plastic. Eye is white and 


amet. Anterior chamber can be seen clearly. Photo- 


graph taken 12 months postoperative 


the periphery, it was found to be under con- 
siderable tension. Consequently, several days 
later, the stitches pulled out. The anterior 
layer of cornea retracted leaving a large area 
of plastic bare of corneal tissue on its an- 
terior surface. 

The retracted anterior layer became opaci- 
fied in a short time, but, aside from this, the 
eye became white and quiet and the implant 
did not extrude. A very thin film formed 
on the anterior layer at one time. This was 
examined microscopically for cells and none 
were found. It was found that this film was 
polished away with ease. The corneal tissue 
at the edge of the hole remained stationary. 

Up to the time of the natural death of this 
rabbit, 12 months after the disc was placed, 
the anterior chamber could be seen very 
clearly through the plastic opening; it was 
full and the eye showed no reaction. 


DISCUSSION 
It has been interesting that the cornea 
could tolerate such large foreign bodies with 
so little reaction for so long a period of time. 
Tt has also been interesting that the incom- 


pletely covered foreign body, the dise in the 


cornea with the trephine hole in the anterior 
layer, could have remained without extru- 
sion. Not yet known are the optimal time 
and method for placing this anterior trephine 
hole; nor is it known what happens to the 
corneal epithelial cells. These problems are 
being investigated. 

The problem of the posterior layer is an 
important one. Work has not, as vet, pro 
gressed sufficiently far to report. 

In the fabrication of the implants, small 
details in their preparation and handling 
cause various reactions in the cornea and 
influence the success or failure of the pro 
cedure. For this reason, it is felt that, at this 
time, the fabrication of those implants should 
remain strictly in the hospital laboratory 
where every phase in their production can 
be minutely followed and analyzed, where 
continued studies can be conducted, and 
where the chance of overenthusiastic com 
mercial exploitation can be minimized. 

Since two implants extruded at the end 
of 19 months and since animal experimenta 
tion is not yet adequate, it is felt that human 
experimentation is completely unjustified at 


the present time. Because of the possibility 
of late complications, it is felt that the 
monkey, with a donger life expectancy, 
should be the laboratory animal of choice 
rather than the rabbit. 


CONCLUSION AND SUMMARY 


1. A method has been evolved for the tixa 
tion of artificial implants in rabbit corneas 
by means of fabrication of the periphery of 
the implants to permit firm ingrowth of 
corneal tissue. 

2. Interlamellar plastic implants have been 
placed in rabbit corneas and are well toler- 
ated with little reaction up to the present, 
a period of 24 months. 

3. An incompletely covered interlamellar 
disc remained in place in one rabbit cornea 
for 12 months, up to the natural death of the 
An operative method has been 
incompletely 


animal. 
evolved for producing this 


covered implant. 


172 


PLASTIC AS REPLA(C 


4. Because of late complications in two 
animals, it decided to the 
monkey as the experimental animal in the 
future and to delay human experimentation. 


has been use 


5. Because of the difficulties in fabricating 


implants and the minute care and inspection 
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necessary, and to minimize the possibility of 
overenthusiastic premature commercial ex- 
ploitation, it is thought best to keep the 
fabrication of these implants in the hospital 
laboratory at this time. 

243 Charles Street (14). 
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DISCUSSION 


Dr. Davip CoGan (Boston): I would agree 
with Dr. Stone that it would be desirable to have 
monkey experiments. I think using the rabbit does 
fortuitously give one quite a margin of safety, 
it is well known that the rabbit cornea will 
tolerate insults much less readily than do human 
corneas. Anything that stays in a rabbit cornea 
certainly will be tolerated by a human cornea. 


because 


De. Conrap Berens (New York): May I ask 


Dr. Stone whether he has tried this in a dog, and 
if that would be a suitable animal 


Dr. Stone: I have not tried it in a dog, Dr. 
Berens, and I think a dog most likely would be a 
suitable experimental animal for this work. 

I don’t know the exact difference between the 
cornea in the dog and the cornea in the monkey, 
but I should think the monkey cornea would be 
much more akin to the human cornea than the 


cornea of a dog 
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BUSINESS MEETING 


Wednesday Morning, June 11, 1952 


The business meeting was called to order 
at 11:30 a.m., by Dr, David G. Cogan, chair- 
man of the Board of Trustees. 

CHAIRMAN COGAN: 
is the report of 


first order of 
the secretary- 


The 
business 
treasurer. 

(Report of secretary-treasurer read by 
Dr. Allen. See auditor’s report attached. ) 

CHAIRMAN CoGAN: You have heard the 
report of the secretary. What is your 
pleasure ? 

Dk. Brirrain F. Payne: I move the re- 
port be accepted. 

(The motion was duly seconded, put to a 
vote, and carried unanimously. ) 

CHAIRMAN CoGAN: May we have the re- 
port of the auditor appointed to check this 
report? 

Dr. PAYNE: found Dr. Allen's 
report to be correct. | move it be accepted. 


I have 


(The motion was duly seconded, put to a 
vote, and carried unanimously. ) 

CHAIRMAN COGAN: May we have the re- 
port of the nominating committee ? 

Dr. T, E. SANpers: The nominating com- 
mittee wishes to present the name of Dr. 
Michael J. Hogan as trustee, and Dr. James 
H. Allen as secretary-treasurer. 

Dr. FranK Newett: I move that nomi- 


176 


nations close and that Dr. Hogan and Dr, 
Allen be elected unanimously. 

( The motion was duly seconded, put to a 
vote, and carried unanimously. ) 

CHAIRMAN CoGaNn: Dr. Clark, will you 
give us your report from the trustees ? 

Dr. CLarK: Your trustees, in recognition 
of meritorious service of some of our elder 
statesmen, would like to submit the follow- 
ing names for honorary membership: Dr. 
W. L. Benedict of Rochester, Minnesota ; 
Dr. Eugene Blake, of New Haven, Connecti 
cut; Dr. John N. Evans, Brooklyn, New 
York; Dr. Frederick Verhoeff, of Boston, 
Massachusetts. 

CHAIRMAN CoGan: We might add that 
the selection of these names is in some meas- 
ure an expression of the appreciation we 
have for the endeavors of these men in the 
founding and developing of this organi- 
zation. 

Dr. 
honorary membership of the men whose 


Sanpers: I move the election to 
names have been submitted. 

(The motion was duly seconded, put to a 
vote, and carried unanimously. ) 

There being no further business, the meet- 


ing was adjourned at 11:55 a.m. 


AUDITOR’S REPORT 
ASSOCIATION FOR RESEARCH IN OPHTHALMOLOGY, INC. 


To the Members of the Board of Trustees 
Association for Research in Ophthalmology, Inc. 
New Orleans, Louisiana 


Gentlemen : 
Scope OF EXAMINATION 

We have examined the accounts of the secretary-treasurer of the Association for Research in Ophthal 
mology, Inc., for the year ended December 31, 1951. In this connection, we have reviewed the system of 
internal control and the accounting procedures of the association and have examined accounting records and 
other supporting evidence, by methods and to the extent we deemed appropriate. Our examination was 
made in accordance with generally accepted auditing standards applicable in the circumstances and included 
all procedures which we considered necessary. 


CERTIFICATE 


In our opinion, the accompanying statements present fairly the fund balances of the \ssociation for 
Research in Ophthalmology, Inc., as of December 31, 1951, and the total receipts and disbursements tor the 
vear then ended, in conformity with generally accepted accounting prin iples relating to the operation ol 
funds, applied on a basis consistent with that of the preceding year. 

Yours very truly, 
B. B. Woottey & Co 
New Orleans, Louisiana 


Casu ANp SECURITIES IN FuNDs As oF Decemper 31, 1951 


Pr 
General Medal 
Fund Fund Total 


Cash on hand 137.00 


$1,735.05 $ 15.37 
Securities: 
U. S. Treasury bonds* .... 10,184.63 10,184.63 


Total Funds .... $10,200.00 $11,935.05 


* At cost, 2! 5% due 1967-72. 


ASSOCIATION FOR RESEARCH IN OPHTHALMOLOGY, 


STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS 
Year ended December 31, 1951 


Pre ctor 
General Medal 
Fund Fund 


Cash in Bank—First of Year ..... $15.37 


é Idd Receipts: 

1950 dues : 

6 educational members at $2.00 each $ 12.00 

23 active members at $5.00 each oa 115.00 

1 sustaining member bs 10.00* 137.00 
1951 dues (See page 179) 2,975.00 
1952 dues : 

1 active member at $5.00 . 7.00 


Bond interest ............ 175.00 


$3,909.00 


Total Receipts ... ... $5,721.44 


Deduct—-Dishursements: 
Convention expenses : 
Dinners ... di . 806.60 
Programs, mailing fees, notices ; past . 224.10 
Expenses of Secretary-Treasurer .. 250.00 1,340.70 


Stationery, supplies and printing 

Printing proceedings—1950 meeting . 
Auditing .. 

Postage ...... 

Addressograph 
Insurance—$5,000.00 px 

Safety deposit box rental (1 year) ... 
Cash award for best 1950 convention paper 
Proctor medal ... 

Telephone and telegraph 

Salaries ... 


Check returned by bank 
Bank charges . 
Taxi fare 


Total Disbursements .. 3,986.39 


Receipts over Disbursements these 


Cash on hand 137.00 
‘ash in Bank—End of Year eee 


* Paid $10.00 instead of $25.00 for 1950. 
* Salaries were actually $200.00 less $41.50 Social Security and withholding taxes not paid at end of year. 
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- 
$15.37 

Refunds to members for duplicate payments of dues rene , oe 12.00 
15.37 
$15.37 


AUDITOR'S REPORT 


CHANGES IN MEMBERSHIP AND RECONCILIATION WITH DUES PATD 
Year ended December 31, 1951 
Changes in Membership Hon- Educa Sus 
Life orary tional {ctive taining Total 
Membership January 1, 1951 9 77 398 24 509 
Add: 
Elected for 1951 membership at Fall 1950 meeting of 
board of trustees 
Elected for 1951 membership at June 1951 meeting 
of board of trustees 
1951 dues paid—prior year unpaid 
Reinstated members 
Unlocated difference .. 


Totals 


Deduct: 
Deceased in 1951 . 
Resigned in 1951 . 
Memberships lapsed for nonpa 
Members at first of year . 
Members elected for 1951 . 


Changes in classes of memberships: 
From Active to Sustaining . . 
From Sustaining to Active 
From Educational to Active 


Membership December 31, 1951! 


Reconciliation with dues paid 
Dues for 1951 Paid in 1950 .... 
Dues Paid in 1951 for 1951: 
Life and Honorary .........-+--+--++++- $ Waived 1 
Educational at $2.00 each 160.00 
Active at $5.00 each : 2,215.00 
Sustaining at $25.00 each . he 600.00 


$ 2,975.00 


Deduct: 
Duplicate payment of 1951 
funded to member in 1951 
Duplicate payment of 1951 
to member in 1951 
Check returned by bank ..... 


* Under the constitution, dues must be paid to obtain educational, active or sustaining membership 
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1 2 
ment of dues :* 
5 13 1 19 
| 1 7 18 ] 27 
1 9 &4 436 26 556 
(6) (2) 
9 7s 4 356 
3 3 
9 10 
SO g0 
143 443 
24 24 
| 80 46 24 500 
1es—-paid in 1950, re- 
ues in 1951, refunded 
| 9 78 144 24 556 


SUMMARY OF MEMBERSHIP BY YEARS 
TO DECEMBER 31, 1951 


Years Years 
Ended Total Ended Total 
December 31: Members December 31 Members 

1951 556 1940 270 
1950 *S09 1939 268 
1949 *474 1938 272 
1948 422 1937 249 
1947 306 1936 240 
1946 324 1935 245 
1945 + - 1934 230 
1944 1933 219 
1943 t. 1932 203 
1942 281 1931 193 
1941 279 1930 134 


* Excludes dues—paying memberships lapsed for nonpayment of dues. 
* Not available, due to wartime dislocation 


History 
The association was incorporated on July 20, 1936, under the laws of the state of New York However, 
it had been an unincorporated group for some years earlier, operating under a constitution and related 
bylaws, which were embodied in the certificate of incorporation. The association has no shareholders and 
is exempt from federal, state, and local taxes However, it is required to file a federal information return 
reporting the source and disposition of income annually 


COMMENTS ON EXAMINATION 

Cash receipts as recorded in the cash book were traced into the bank. Dues shown as paid were checked 
te individual membership cards, Cash from this source was reconciled to the total number of members 
shown on the official list which is to be furnished individual members. Cash on hand at the end of the 
vear was traced into bank and we verified the balance on deposit on that date directly with the depositary. 

We inspected the U. S. bonds and verified interest by count of coupons attached Matured coupons 
amounting to $250.00, through December 31, 1951, were found affixed These were clipped and deposited 
in hank in the presence of our representative on May 27, 1952. We found no feasible means of verifying 
independently the amount of proceeds from the banquet 

Disbursements were found to be supported by cancelled checks, receipted bills, and other data 

We also examined the insurance policy, minutes of meetings, and such other data as were pertinent 


GENERAL 

Although formal action in documented form did not appear to have been taken with regard to the 
Proctor Medal Fund, we were advised that it is the intention of the donor that the fund be kept intact 
as to principal and the income used to defray cost of a medal to be presented periodically for outstanding 
accomplishment in ophthalmology. The financial provisions of this condition have been met as to the year 
under examination as well as during the prior year, which also was examined by us. 

We have been further advised that the income is to go into the general fund and payment for the medal 
annually is to come from that fund, with the general fund to make up any difference in cost of the medal 
above the income of the Proctor Fund. 

Present income of the Proctor Fund from bonds is $250.00 yearly. During 1951, the coupons were not 
clipped and deposited. Instead, $175.00 of coupons which matured in 1950 were detached and deposited 
Those which matured in 1951, as previously mentioned in this text, were deposited in 1952 

The cost of the Proctor Medal in 1951 was $150.56. In view of the balance of the income being available 
this vear for other uses, it would be well for the board of trustees to ratify formally the depositing of 


the bond income in the general fund as a matter of policy 

Constitutional provisions as to bond of the secretary-treasurer and an annual audit by a certified public 
accountant were found to have been complied with, A federal information return for 1951 was prepared 

Authorization by the board of trustees was found for unusual expenditures during 1951 

All financial activity during the year appeared to be reflected in the accounts and all assets similarly 
appeared to have been recorded. The only debt or c¢ ymmitment due by the association on December 31, 1951, 
was Federal Social Security and withholding taxes for the third and fourth quarters, 1951, in the amount 
of $41.50 which was paid on March 4, 1952. We obtained a certificate from the secretary-treasurer attesting 
to the correctness of these statements. 
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